Stormwater runoff effects on nutrient loads in the upper White River of Muncie, IN by Todd, Kristi M.
 
 
 
 
STORMWATER RUNOFF EFFECTS ON NUTRIENT LOADS IN THE UPPER WHITE 
RIVER OF MUNCIE, IN 
A THESIS  
SUBMITTED TO THE GRADUATE SCHOOL 
IN PARTIAL FULLFILLMENT OF THE REQUIREMENTS  
FOR THE DEGREE 
MASTER OF SCIENCE 
BY 
KRISTI TODD 
DR. JARMILA POPOVICOVA - ADVISOR 
 
BALL STATE UNIVERSITY 
MUNCIE, INDIANA 
JULY 2013 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
ii 
 
ii 
ABSTRACT 
 
THESIS: Stormwater Runoff Effects on Nutrient Loads in the Upper White River of Muncie, IN 
STUDENT: Kristi Todd 
DEGREE: Master of Science 
COLLEGE: Sciences and Humanities 
DATE: July 2013 
PAGES: 144 
This study investigated temporal changes in nutrient concentrations and other water 
quality parameters at one sampling location at Muncie, Indiana in the Upper White River 
Watershed. Baseline sampling was conducted weekly over a six-month period in 2012 and 
focused on the analysis of total suspended solids and different forms of nitrogen and phosphorus. 
Three storm events were also investigated to understand how storm water runoff affected 
nutrient concentrations and other water quality parameters. It was hypothesized that storm events 
would temporarily increase nutrient concentrations in the river. Overall, nutrient concentrations 
increased during the initial stages of storm events and subsequently decreased at a rate slower 
than discharge. Concentrations measured exceeded recommended limits suggesting that these 
contaminants could cause eutrophication at downstream locations. These data suggest that 
improved or increased best management practices should be implemented in the Upper White 
River Watershed to control the inputs of nutrients into the river.  
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surface water nutrient pollution. The literature review is divided into three main sections. The 
first section discusses nutrients and their impacts, river flow influences, and a description of the 
White River Watershed along with past research conducted on the river. The chapter also 
includes a brief introduction, an overview of the thesis, and a list of references.  
  The second chapter contains the complete methods section which includes the description 
of study sites, sampling occurrence, measurement techniques, and analysis procedures used in 
the research. The chapter also discusses hydrologic data along with a description of the statistics 
used to analyze the results.  
  Chapter three consists of a technical paper with the goal of this chapter to be submitted 
for professional scientific publication in a related scientific journal. The chapter includes an 
abstract, introduction, literature review, experimental methods, results and discussion, 
conclusions, and a list of references.  
  The last chapter, chapter four, contains omitted information from the technical paper. It 
consists of a discussion on boxplot and chronological sequence graph results along with a 
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Chapter 1: Review of Literature 
1.1 Introduction 
Rivers and streams are essential to life on earth. They perform a variety of functions 
including serving as the main interfaces between other aquatic habitats and the land, serving as 
water supplies, and transporting materials (Dodds 2002). However, 44 percent of assessed 
national waterways and 69 percent of assessed Indiana waterways are considered impaired since 
they cannot support their designated uses such as human consumption, wildlife and aquatic life, 
recreation, and industry (IDEM 2001; US EPA 2010). One of these waterways is the White 
River in Indiana, which is considered to be impaired partly due to excessive occurrences of 
nutrients (IDEM 2001; US EPA 2010). If the nutrient concentrations are high enough, local 
degradation of water quality can occur, which can negatively affect the surrounding human, 
aquatic, and wildlife communities. Increases in two specific nutrients, nitrogen and phosphorus, 
in flowing waters can accelerate eutrophication which is a natural process of nutrient enrichment 
that results in increased aquatic plant growth (Pierzynski et al. 2000). Some consequences of 
eutrophication include low dissolved oxygen levels, loss of habitat and biodiversity, and algal 
blooms. This can negatively impact industries such as drinking water treatment, fisheries, 
recreation, agriculture as well as other designated uses (Carpenter et al. 1998).  
The White River serves as an important water source for industry, agriculture, and 
drinking water supplies to the surrounding populations (Martin et al. 1996). Therefore, the water 
quality of the White River needs to be maintained or improved to continue to support these uses. 
However, a past United States Geological Survey (USGS) study (Fenelon 1998) found that 
nitrate levels in the White River generally ranged from 2 to 6 mg/L which was higher than the 
median of other National Water-Quality Assessment (NAWQA) monitored sites (Fenelon 1998).  
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The White River is part of the Ohio River basin which is one of the largest nitrate inputs to the 
Gulf of Mexico along with the Upper Mississippi basin (Burkart and James 1999). The nutrients 
that enter the White River and eventually flow into the Mississippi River also contribute to the 
Dead Zone in the Gulf of Mexico where hypereutrophication and hypoxia (low levels of 
dissolved oxygen) occur seasonally each year. 
The nutrients that contribute to this hypereutrophication mainly enter a waterway from 
stormwater runoff (Green and Haggard 2001). Increased nitrogen and phosphorus input to 
waterways can occur during precipitation events (Anderson and Rounds 2003; Fulton and 
Buckwalter 2004). Immediately following precipitation events, initial flushing of the surrounding 
landscape occurs which results in the transport of nitrogen and phosphorus (Anderson and 
Rounds 2003). Some sources of nutrients in storm runoff include combined sewer overflows and 
applied fertilizers (Martin and Craig 1990). Bank erosion can also occur which increase nitrogen 
and phosphorus concentrations due to sediment particles entering the waterway (Anderson and 
Rounds 2003). By examining nutrient concentrations, along with other water quality parameters, 
the effects of storm events on water quality can be better quantified.  
1.2 Literature Review 
1.2.1  Nutrients 
1.2.1.1 Forms and Sources 
In an aquatic environment, nitrogen is present in organic and inorganic forms. The types of 
organic nitrogen compounds, which come from decomposition of organic matter, leaching and 
remineralization are numerous and include proteins, amino acids, and urea. Organic nitrogen can 
be further broken down into inorganic forms (Garrison, 2007). The most common inorganic 
forms of nitrogen in an aquatic environment are nitrate (NO3-N) and ammonium (NH4-N ) but  
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nitrite (NO2-N), ammonia (NH3-N), and dissolved nitrogen gas (N2, N2O) are also prevalent 
(Florida Lakewatch 2000). Total nitrogen (TN) is a measurement of all the forms of nitrogen in a 
waterway exclusive of nitrogen gas (Florida Lakewatch 2000).  
The type and amounts of nitrogen are highly variable in a waterway. For example, nitrites 
can quickly oxidize and transform into nitrates (Florida Lakewatch 2000). Nitrate is usually the 
predominant form of dissolved inorganic nitrogen in oxidized waters, while ammonium is the 
predominant form of dissolved inorganic nitrogen in anoxic waters (Dodds 2002). It has also 
been documented that higher amounts of ammonia occur in basic waters compared to ammonium 
while ammonium tends to be higher in neutral to acidic waters (Dodds 2002). While there are 
many tpes of nitrogen in a waterway, not all forms can be easily used by algae and aquatic 
plants. Forms that are easy for algae and plants to utilize include inorganic nitrates, nitrites, and 
ammonia while nitrogen that is bound to particulate organic matter is more recalicitrant (Florida 
Lakewatch 2000). Many aquatic bacteria and primary producers prefer to assimilate  ammonium 
due to its higher potential energy, especially in oxic environments (Dodds 2002). In contrast, 
larger animals typically consume organic nitrogen, as aquatic plants and algae (Dodds 2002). 
Most organisms cannot assimilate dissolved nitrogen gases though somce bacteria, such as some 
cyanobacteria, can transform nitrogen gas into ammonium through nitrogen fixation (Young 
1992). 
Like nitrogen, phosphorus occurs in the environment in both organic and inorganic forms. 
Organic forms consist of a phosphate molecule and a carbon-based molecule while inorganic 
phosphorus is not linked with a carbon-based molecule (Dodds 2002). The primary inorganic 
form of phosphorus, which plants are able to assimilate, is dissolved inorganic phosphorus (DIP), 
also known as dissolved reactive phosphate (DRP) (Garrison 2007). Organic phosphorus occurs  
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in a range of organic compunds and is mainly categorized into dissolved organic phosphorus 
(DOP) and particulate phosphorus (PP) (Dodds 2002). Total phosphorus (TP), the most common 
reported form of phosphorus, is the sum of phosphate and the organic phosphorus forms (DOP 
and PP) (Garrison 2007). When the phosphate molecule is measured independently, 
orthophosphate (PO4-P) is usually measured since it is the most common phosphate form in 
natural waters (Dodds 2002).  
Phosphorus transorms from one form to another readily in an aquatic environment (Garrison 
2007). Aquatic plants and algae utilize dissolved inorganic phosphorus and transform it into 
organic phosphorus (US EPA 1997). When these organisms die and decompose, the organic 
phosphorus eventually sinks to the streambed where it is converted into inorganic phosphorus, 
DOP and PP, by bacteria. This inorganic phophorus becomes available again when the 
streambed is disturbed and the inorganic phosphorus enters the water column (US EPA 1997). 
Phosphorus assimilation can sometimes be limiting for algae and aquatic plants since phosphorus 
concentrations are generally lower than nitrogen concentrations in most aquatic systems, but this 
is not always the case (Rigler 1966).  
One of the main functions of a river is transporting nutrients and other material (Dodds 2002; 
Vitousek 1994). Nitrate and phosphorus tend to interact with sediments or the biota in rivers and 
streams as the nutrients flow downstream (Dodds 2002). As streams and rivers move nitrogen 
and phosphorus downstream, it increases productivity of coastal marine systems in river deltas. 
One of the largest areas where this occurs in the United States is where the Mississippi River 
meets the Gulf of Mexico. Over the years, the amount of dissolved material and nutrients 
transported in flowing waters has increased (Dodds 2002).   
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Nutrients can be transported throughout the environment in a variety of ways. Past studies 
have found that nitrates are water soluble and, therefore, highly mobile in the environment 
(Anderson and Rounds 2003). Their transport, along with other nutrients, is affected by multiple 
factors including flow conditions, dilution by precipitation, and groundwater influences 
(Anderson and Rounds 2003; Kemp and Dodds 2001). In contrast, phosphorus forms tend to 
attach to soil particles and are transported more slowly in an aquatic system compared to 
nitrogen (Sharpley et al. 1996). One study found that phosphorus accumulates annually in the 
soil due to inputs from fertilizers and manures and this accumulation can subsequently move into 
waterways (Foy and Withers 1995; Sharpley et al. 1996).  
In aquatic systems, both nitrogen and phosphorus can enter surface waters through 
atmospheric deposition, groundwater, or due to runoff from surrounding lands (Kalff 2002). The 
sum of these sources is known as the external load. Natural source inputs of nutrients include 
tributaries, release from bottom sediments, riparian vegetation (primarily leaf litter), soil organic 
matter, and animal waste (Kelly et al. 1999; Martin et al. 1996). Rock degradation and organic 
decay also contribute to nutrient inputs (Dodds 2002). Nitrogen is more prone to enter surface 
water through atmospheric deposition than phosphorus while phosphorus is more prone to enter 
surface waters through natural deposits already present or available to soils (Florida Lakewatch 
2000). 
 External nutrient sources can either come from point sources or non-point sources. Point 
sources directly enter a waterway and can be more easily monitored and controlled than non-
point sources. Non-point sources are dispersed, do not directly enter a waterway, and can be 
more difficult to monitor and regulate compared to point sources (Smith et al. 1999). The inputs 
of nitrogen and phosphorus nutrients from point and non-point sources is influenced by  
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landscape and land use in the watershed and can affect the quality of receiving waters (Allan 
2004; Carpenter et al. 1998; Hynes 1975; Vannote et al. 1980). For example, Paul and Meyer 
(2001) found that streams in urban watersheds generally had higher phosphorus concentrations 
than watersheds with other predominant land uses.  
Human activity has altered the input of nitrogen and phosphorus into the environment. 
Generally, nutrient inputs come from agriculture and urban activities. Agricultural sources of 
nutrients include fertilizers and manures, tile drains, and soil erosion (Kelly et al. 1999). 
Anthropogenic sources in urban areas consist of poorly functioning septic systems, wastewater 
treatment plants, combined sewer overflows, and runoff from golf courses and parks (Dodds 
2002). Other urban non-point sources of nutrients include runoff from construction sites, 
fertilized lawns, pet waste, and leaky sewers (Dodds 2002). Overall, human activities, human 
population densities, population densities of livestock, and land use greatly influence nitrogen 
and phosphorus loading into flowing waters (Smith et al. 1999). 
Rivers and streams that flow through agricultural landscapes can experience a wide range of 
human influences. Some of these human influences include higher inputs of sediments, nutrients, 
and pesticides (Allan 2004). The largest input of nutrients into the environment by humans is the 
production and use of synthetic fertilizers (Howarth 2008). Nitrogen, phosphorus, and potassium 
are the nutrients most commonly applied as crop fertilizers in agricultural operations (US EPA 
2003). Past research on cereal crops, which accounts for about 60 percent of total nitrogen 
fertilizer usage, has shown that only 33 percent of the applied nitrogen is used by the crop 
(Delgado 2002). The remaining nitrogen is lost from the system, which can be detrimental to 
nearby streams (Delgado 2002).   
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Before the industrial revolution, nitrogen gas was only converted into biologically available 
forms of nitrogen through bacterial nitrogen fixation and through chemical processes with high 
heat and oxygen which occurred during lightning and volcanoes (Howarth 2008). Nitrogen 
production that is made available through natural processes is estimated to be between 300 - 500 
Tg N year
-1
 with 25 to 50 percent of this being produced on land (Howarth 2008). Since the 
industrial revolution, human activity has created synthetic nitrogen and released it into the 
environment. Global production of agricultural fertilizers has increased from less than ten 
million metric tons of nitrogen in 1950 to about 80 million metric tons in 1990 (Vitousek et al. 
1997). By the year 2000, human production of nitrogen was at a rate of around 165 Tg N 
annually and it is possible that human inputs may now exceed natural inputs (Howarth 2008). 
Around 30 percent of this synthetic fertilizer is lost through runoff or infiltration into 
groundwater as nitrate (Puckett et al. 2010). 
A study of land use on 150 major river basins of North America found that agricultural land 
use varied from near zero in some northern river systems to 66 percent in the Upper Mississippi 
Basin (Benke and Cushing 2004). River watersheds that have more than 40 percent of their area 
in agriculture include the Colorado, Lower Mississippi, Missouri, Ohio, Southern Plains, and the 
Upper Mississippi (Benke and Cushing 2004). Smaller river systems within a larger catchment 
can consist of a wider range (between 10 to 99 percent) of surrounding agricultural land 
compared to larger river systems (Richards et al. 1996; Roy et al. 2003). Rivers that have a large 
percentage of agricultural land in the surrounding watershed can be heavily influenced by 
agricultural activity. For example, compared to natural background fluxes of nitrogen with little 
human influences, the Mississippi River has a nitrogen flux that is elevated five to six-fold as it 
flows downstream with large annual variation in nitrate flow associated with agricultural  
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activities (Howarth 2008). The largest input of nitrogen into the Mississippi River watershed is 
synthetic nitrogen fertilizer followed by nitrogen fixation from agricultural crops (Howarth 
2008).  
1.2.1.2 Limiting Nutrients 
Nutrients are essential to plant life and promote plant growth and reproduction (Garrison 
2007). Plant growth and reproduction can be limited by nutrient presence in the environment 
since plant growth is proportional to the rate of supply of the key nutrient(s) for that specific 
environment (Elser et al. 2007). Of the many nutrients required for plant growth, nitrogen and 
phosphorus are the two principal nutrients that have been found to limit primary production 
(Smith et al. 1999). Thus, nutrient concentrations in a body of water helps determine its trophic 
state which ranges from low nutrient oligotrophic systems through mesotrophic, and eutrophic to 
high nutrient hypereutrophic systems. However, it can be difficult to classify streams due to 
hydrological variation (Dodds 2002; Garrison 2007). Nutrient availability can be affected by a 
variety of factors including chemical characteristics, geology, and human activities such as 
agriculture (Dodds 2002).  
In aquatic systems, nitrogen and phosphorus also limit the growth of aquatic plants in 
freshwater environments (Elser et al. 1990; Hecky and Kilham 1988) and marine environments 
(Hecky and Kilham 1988; Vitousek and Howarth 1991). Some existing paradigms identify 
nitrogen as the primary limiting nutrient in marine ecosystems (Howarth and Marino 2006) and 
phosphorus as the main limiting nutrient in lakes and reservoirs (Hecky and Kilham 1988; 
Schindler 1977). However, some cases have found both nitrogen and phosphorus limitation in 
lakes (Elser et al. 1990) and frequent phosphorus limitation in oceans (Downing et al. 1999).   
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In the past, there was a prevailing view that flowing waters were insensitive to nutrient inputs 
(Hynes 1969). This was attributed to assumed nutrient saturation of freshwaters due to light 
limitation, short hydraulic residence times, and biotic controls on algal and plant growth 
(Gregory 1980; Smith et al. 1999). Also, flowing waters have a higher washout loss rate 
compared to lakes and reservoirs which reduces plant production (Van Nieuwenhuyse and Jones 
1996). Thus, algal production per unit of total phosphorus is lower in flowing waters compared 
to lakes and reservoirs (Smith et al. 1999). However, recent studies discovered that flowing 
waters may indeed be sensitive to anthropogenic inputs of nitrogen and phosphorus (Smith et al. 
1999). Some of the earliest experiments showed an increase of green algae when agricultural 
NPK fertilizer was added (Huntsman 1948) and an increase of TP concentration and periphyton 
growth when ammonium phosphate was added (Correll 1958). Later experiments also found 
algal biomass increases downstream with nitrogen or phosphorus enrichment (Elwood et al. 
1981; Horner et al. 1990; Peterson 1983).  
For flowing systems, nutrient limitation is controlled by nitrogen than phosphorus. Strong 
nitrogen limitation of benthic algae has been found in artificial trough experiments (Triska et al. 
1983) and in streams in Arizona (Grimm and Fisher 1986), California (Hill and Knight 1988), 
Missouri (Lohman et al. 1991), and Montana (Lohman and Priscu 1992). However, it is possible 
for flowing waters to be limited by nitrogen, phosphorus, both, or neither (Carpenter et al. 1998). 
Enrichment experiments with both nitrogen and phosphorus often results in higher algal growth 
than just an addition of either nitrogen or phosphorus (Smith et al. 1999). This suggests that 
nitrogen and phosphorus can be co-limiting factors of primary productivity in streams (Francoeur 
2001).  
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1.2.1.3 Impacts of Nutrients 
1.2.1.3.1 Human Health Effects 
An increase of nutrients into an aquatic ecosystem can result in negative consequences. 
For example, increased nitrates in drinking water can result in methemoglobinemia that causes 
the blood of infants and some animals to be unable to transport oxygen throughout the body 
(Pierzynski et al. 2000). As a result, the maximum contaminant level (MCL) of nitrate in surface 
water and drinking water is 10 mg/L, as set by the Clean Water Act (CWA) and the Safe 
Drinking Water Act (SDWA), while the MCL of nitrite in surface water and drinking water is 1 
mg/L (Indiana General Assembly 2012; US EPA 2009). Another form of nitrogen, ammonia 
(NH3-N), is toxic to many aquatic organisms and plants as well as to humans and can even be 
lethal if ingested (Oregon Health Division 2011; Ronan et al. 2007). While ammonia is not 
regulated by the SDWA, according to the CWA the maximum allowable concentration varies 
depending on the pH and temperature of the water (Indiana General Assembly 2012). Muncie, 
IN is located in eco-regionVI: Corn Belt and Northern Great Plains where the suggested TN is 
2.18 mg/L (US EPA 2012.). 
Due to the lower concentrations of phosphorus in water relative to nitrogen, phosphorus 
does not have any known human health impacts other than the role it plays in eutrophication. 
Phosphorus is not regulated by CWA or SDWA in any form (Indiana General Assembly 2012; 
US EPA 2009); however, the suggested limit for TP for eco-region VI is 0.07625 mg/L (US EPA 
2012).  
1.2.1.3.2  Environmental Impact of Nutrients 
Past studies have shown that eutrophication can occur in water bodies with increased 
concentrations of nitrate and phosphorus (Kalff 2002; NOAA 1999; US EPA 2000;  
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Vollenweider 1968). In the process of eutrophication, an ecosystem becomes more productive 
through nutrient enrichment stimulating primary productivity (Smith et al. 1999). Eutrophication 
has been the most widespread water quality problem in the United States and many other nations 
(Smith et al. 1999). In 1996, eutrophication accounted for almost 50 percent of the impaired 
lakes and 60 percent of impaired river reaches in the United States (US EPA 1996). 
Eutrophication is also the most common pollution problem in United States estuaries (Kelly et al. 
1999). 
A majority of past research focused on lake eutrophication, but there has also been some 
research on eutrophication in flowing waters (Moss et al. 1989; Smith et al. 1999). For example, 
Smith et al. (1987) found that the mean total phosphorus (TP) concentration at 381 river sites 
was 130 mg m
-³ which is above the mesotrophic-eutrophic TP boundary of 75 mg m
-³ suggested 
by Dodds et al. (1998). In other studies, Smith et al. (1997) found that 61 percent of the water 
tested at 2,048 USGS monitoring stations throughout the contiguous United States failed to meet 
the accepted US EPA (1988) standard of 100 mg m³ for TP. A subsequent study found 48 
percent of 410 water quality monitoring stations also failed to meet that standard (Smith et al. 
1999). Research in Europe identified extensive eutrophication in major river systems in England 
(Moss et al. 1989). These results suggest that a majority of US streams and rivers have poor 
water quality due to eutrophication associated with nutrient enrichment.  
The most common effect of eutrophication associated with increased nitrogen and 
phosphorus input to aquatic ecosystems is an increase in abundance of algae and aquatic plants 
(Hecky and Kilham 1988; Smith et al. 1999; Vollenweider 1968). These algal blooms can be 
unsightly and cause foul odors (Scavia et al. 2003; Smale and Rabeni 1995). Excessive algal 
growth can result in further drinking water purification and loss of the amenities or services that  
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a water body provides which can lead to substantial economic losses (Carpenter et al. 1998). One 
study found a positive relationship between total phosphorus and phytoplankton biomass in 96 
reservoirs in Iowa and Missouri that had a wide range of hydraulic residence times including 
rapidly flushed systems (Hoyer and Jones 1983). A similar study found a strong correlation 
between chlorophyll a and total phosphorus in 45 main-stem and tributary reservoirs in 
Tennessee (Soballe et al. 1992). Further, high pH values can coincide with algal blooms. During 
the summer, algal uptake of carbon dioxide from plant respiration in the water column can 
exceed the rate of replenishment resulting in higher pH conditions that can increase the toxicity 
of ammonia to aquatic organisms (Kelly et al. 1999; Miranda and Hodges 2000).  
An increase of nutrients into an environment can have negative consequences on ecosystem 
health. The elevated amount of plant growth and changes in water chemistry can also result in 
loss of habitat and biodiversity (Allan 2004; Smith et al. 1999). This water degradation caused 
by eutrophication can result in a loss of component species or fish kills, especially if unionized 
ammonia and nitrite levels are at toxic concentrations (Florida Lakewatch 2000; Smith et al. 
1999). Increases in nutrients which degrade the water quality can change the types of species that 
live in the environment, shifting from sensitive species to more tolerant, often non-native species 
(Carpenter et al. 1998). This can lead to changes in ecosystem services and economic loss due to 
less fish being available (Carpenter et al. 1998; US EPA 2000). 
Higher amounts of nutrients in an aquatic ecosystem contribute to periodically low dissolved 
oxygen (DO) concentrations when the algal community dies and sinks to the bottom of the river 
(Kelly et al. 1999). When oxygen levels are low enough, phosphorus can combine with iron in 
the river bottom and moves from the sediments into the waterway (Garrison 2007). Organic 
matter that is formed during algal blooms can rapidly decay which consumes dissolved oxygen  
26 
 
26 
in the water column and decrease its availability for aquatic organisms (Kelly et al. 1999). If 
eutrophication gets too extreme, hypoxia can occur. Hypoxia is the seasonal depletion of oxygen 
in a water body (Scavia et al. 2003). During hypoxia, dissolved oxygen concentrations in the 
water falls to low levels, usually to 2 - 4 mg/L, and threatens aquatic life. Miranda and Hodges 
(2000) found that low dissolved oxygen concentrations reduce fish respiratory function and lead 
to direct mortality. Nitrogen, more specifically, nitrate (NO3) has also been linked to hypoxia 
(Scavia et al. 2003). Elevated ammonia concentrations can also contribute to low dissolved 
oxygen concentrations which can result in hypoxia (Kelley 1999). However, hypoxic conditions 
are uncommon in rapidly flowing waters and are more likely to occur in localized slow-moving 
areas (Allan 2004).  
In 2001, Nybakken observed that depletion of dissolved oxygen in coastal waters caused by 
excessive nutrient leaching from agricultural lands has led to fifty oxygen-starved “dead zones” 
globally. One of these “dead zones” occurs in the Gulf of Mexico where hypoeutrophication and 
hypoxia occur seasonally (Burkart and David 1999). This dead zone occurs every spring and 
summer off the coast of Louisiana. As of 2001, the region was approximately 16,000 square 
kilometers, an increase from 8,300 square kilometers in 1992 (Scavia et al. 2003). Land-use 
changes and increases in anthropogenic inputs of nutrients are the largest contributors to the 
hypoxia in the Gulf of Mexico (Turner and Rabalais 1994). Since the 1950s, land-use changes 
have resulted in a nitrogen concentration increase to the Gulf of Mexico by almost three-fold 
(Scavia et al. 2003; Turner and Rabalais 1994). 
Efforts to restrict inputs of N and P from the landscape into flowing waters are needed to 
improve eutrophication-related water quality issues. A comprehensive nutrient management plan 
coupled with site risk assessment is an effective way to manage nutrient sources even though it  
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may be difficult to create since the amount of restriction needed to maintain good water quality 
varies from site to site (Hansen et al. 2002). Also, since nitrogen is more mobile in the 
environment compared to phosphorus, different management plans are needed to address both 
nutrients. For example, no-till agriculture is good for reducing phosphorus, but not nitrogen 
(Howarth 2008). McGarrigle (1993) estimated that maintaining a mean annual dissolved 
inorganic phosphorus concentration of < 47 mg m
-³ would be necessary to prevent excessive 
algal growth. Another study observed damaging effects of eutrophication on fish communities in 
a low-order Ohio stream when total inorganic nitrogen (TIN) exceeded 610 mg m
-³, and 
dissolved inorganic phosphorus (SRP) concentrations exceeded 60 mg m
-³ (Miltner and Rankin 
1998). Dodds et al. (1997) estimated that to maintain benthic algal biomass below nuisance 
levels of 100 g m
-², the concentrations of total nitrogen should not exceed 350 mg N m
-³ and total 
P concentrations should be lower than 30 mg P m
-³. 
Eutrophication can be controlled by restricting input of the key nutrient(s) to an ecosystem 
(Smith, 1998) and a reduction of phosphorus or nitrogen is usually the most effective control 
mechanism to combat these conditions (Kelly et al. 1999). Input of nutrients can be reduced 
using a variety of techniques including landscape management, agricultural phosphorus and 
nitrogen management, source management, transport management, and control of urban runoff 
(Carpenter et al. 1998). Creating a vegetation buffer, or riparian zone, around rivers and streams 
can also reduce nutrient input by slowing the velocity of overland flow and removing nutrients 
through plant uptake and chemical processes (Correll et al. 1992; Hill 1996). In some cases, 
riparian zones have reduced phosphorus input by 50 - 85 percent (Osborne and Kovacik 1993). 
In addition to riparian zones, nutrient transport may also be reduced through retention ponds and 
terracing (Carpenter et al. 1998; Correl 1997; Sharpley et al. 1994). Restoration of floodplains  
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and wetlands further facilitate reduced nutrient input and is considered by some to be the most 
cost-effective method at reducing nonpoint nitrogen pollution (Carpenter et al. 1998; Gren 1995). 
For agriculture, applying the appropriate amounts of fertilizer to lawns and crops would 
decrease nutrient runoff, while loss of nitrogen in agriculture through erosion could be reduced 
by using cover crops, windbreaks, and reduced tillage methods (Carpenter et al. 1998; Correl 
1997; Sharpley et al.1994). Fertilizers could also be applied more strategically by applying when 
crops are growing quickly or at rates that match the crop uptake (Carpenter et al. 1998). For 
livestock production, the level of dietary nutrient in feed could be limited to not exceed growth 
requirements. Proper waste containment and management could prevent manure from washing 
into flowing waters (Carpenter et al. 1998). Urban nonpoint pollution could be reduced through 
updated sewer systems, creation of greenways, street sweeping, and erosion control with 
construction sites (Carpenter et al. 1998). 
1.2.2  River Flow Influences 
1.2.2.3 Low Flow Conditions 
Multiple natural and anthropogenic factors can influence the rate and volume of water 
movement, or flow, of a river. Natural factors such as climate, topography, geology, distribution 
of vegetation types and evapotranspiration rates influence the flow of river (Kelly et al. 1999). 
For example, precipitation can increase the volume and velocity of a river while 
evapotranspiration can decrease the volume and velocity. The type of soil and its porosity also 
influences the distribution and infiltration of water (Carpenter et al. 1998). The type and 
distribution of vegetation can affect flow through water uptake and disruption of water flow over 
surfaces (Kelly et al. 1999). Recharge of a river system is mainly dependent on precipitation or 
groundwater input. The rate, frequency, and amount of precipitation and aquifer recharge may  
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influence the various aspects of the low-flow regime of the river by determining how much water 
enters a river system (Dodds 2002). Numerous human activities such as removal of vegetation, 
stream bank modification, and an increase in impervious surfaces, can also have effects on 
stream flow (Kelly et al. 1999). Human alterations of the landscape or stream typically yield 
flashy hydrology of receiving streams in rivers with rapid rises and falls in water level, which 
promotes erosion (Kelly et al. 1999). In addition, with increased water movement, a river may 
experience extended low-flow conditions even with precipitation events.  
 Low flow has been defined as the flow of water in a stream during prolonged dry 
weather (Kelly et al. 1999). It is known to occur seasonally and is an integral component of a 
flow regime of any river (Kelly et al. 1999). Low-flow summer conditions are characterized by 
lower nutrient concentrations relative to other times of the year and represent the baseline levels 
within the stream (McCarthy 2001). However, low-flow conditions are different than drought 
which is a natural event that occurs when there is less than normal precipitation for an extended 
period of time (Kelly et al. 1999). Droughts include low flow periods, but a low-flow event does 
not necessarily mean drought. In the United States, a river often has low flow conditions during 
its summer stage from May 1 through October 31 (Kelly et al. 1999) when stream flow is low 
and light and nutrient conditions are favorable for algal growth (Kelly et al. 1999). These algal 
blooms predominately develop in the meandering and sluggish sections of a river as can be 
evidenced by increased concentrations of chlorophyll a (Kelly et al. 1999).   
1.2.2.4 Fate of Nutrients During Storm Flow Conditions 
One of the main functions of flowing waters is movement of materials, especially larger 
materials and suspended solids (Dodds 2002). Storm events can increase the amount of materials 
that enter a river and increase the velocity which increases the amount of material that a river can  
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transport. A rapid increase in discharge coupled with precipitation indicates a period of storm 
runoff (Martin and Craig 1990). When a storm event occurs, sediment and other material enter a 
stream increasing total suspended solids and turbidity (Dodds 2002). When a storm occurs, 
material that enters a river can come from overland runoff, combined sewer overflows, and 
treatment-plant outfalls (Dodds 2002; Martin and Craig 1990).  
One of the materials that is brought in by storm events is nutrients such as nitrogen and 
phosphorus (Anderson and Rounds 2003; Kemp and Dodds 2001). Initial flushing of the 
surrounding landscape after precipitation events bring in sediment and nutrients from the 
surrounding landscape and bank erosion which increases nutrient concentrations in the waterway 
(Anderson and Rounds 2003). Some wastewater treatment plants near rivers can overflow during 
heavy rains which releases nutrients into the river. Storm events also re-suspend sediment and 
nutrient particles that were already present in the river (Dodds 2002).  
While nitrogen concentrations usually increase with storm water events (Correll et al. 
1999; Kemp and Dodds 2001), some studies have found low concentrations of dissolved nitrates 
in samples collected during high discharge events following precipitation due to dilution 
(Anderson and Rounds 2003; Green and Haggard 2001). Phosphorus concentrations have also 
been found to increase during storm events (Green and Haggard 2001). Quick changes in 
discharge and sudden inputs of material which occurs with intense storms can also alter stream 
habitat. Short periods of high velocity can scour a riverbed, removing vegetation and substrate 
used by aquatic organisms. If there is too much material in a river, whether sediment, nutrients, 
or another material, some species of fish and invertebrates may not be able to survive or exist 
due to clogging of gills or change in food availability (Dodds 2002). 
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1.2.3  White River 
1.2.3.1 Description of White River Watershed 
The White River basin located in Indiana drains an area of 29,394 km² (Fig.1.1) and is 
part of the Mississippi River watershed (Martin et al. 1996). The White River basin has a humid, 
continental climate with distinct seasonal temperature differences. The mean annual air 
temperature is 11.7 °C in the basin (Martin et al. 1996) and average annual precipitation ranges 
from 101 to 122 centimeters per year (Crawford 2001). The White River is a permanent river 
with high flows typically occurring in April and May and the lowest flows in September and 
October (Crawford 2001). Annual peak discharge can occur in any month (Martin et al. 1996). 
Variations in stream flow for the White River follow seasonal changes in precipitation and 
evapotranspiration (Martin et al. 1996).  
The river is divided into the East Fork White River in the south and the West Fork White 
River in the north (WFWR) (Fig. 1.1).The East Fork drains 14,882 km² and merges with the 
West Fork White River near Petersburg, IN at river mile 49.5 (Crawford 2001). The White River 
eventually flows into the Wabash River in southwest Indiana and has a drainage area of 13,913 
km² (Crawford 2001; Martin et al. 1996). The sampling locations in this study were near the 
headwaters for the West fork at Muncie, IN (Delaware County) and at Anderson, IN (Madison 
County), downstream and west of Muncie, IN (Fig. 1.1). For the West Fork, the average winter 
temperature is -2.8 °C and the average summer temperature is 23.9 °C (Frey et al. 2007). The 
sampling locations are located in the Tipton till plain which consists of an area of low 
topographic relief that is typically covered by 100 to 200 feet of silty-clay till with thin layers of 
sand and gravel (Crawford 2001). This till plain is relatively impervious which limits infiltration 
and promotes surface runoff (Crawford 2001).   
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Figure 1.1 Sampling locations in the White River Basin.  
 
The population of the basin was approximately 2.1 million in 1990 with 38 percent being 
in Indianapolis (Crawford 2001). Other urban areas in the basin include Muncie, Anderson, and 
Martinsville. The upper part of the West Fork contains nearly 70 percent of the population 
(Martin et al. 1996). Over the years, the population of Delaware County has decreased according  
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to the 2010 Census data (US Census 2010). The Delaware County population decreased 0.92 
percent from 118,769 in 2000 to 117,671 in 2010 (US Census 2010). 
The dominant land use in the White River basin is agriculture which accounts for about 
70 percent of the basin, followed by forested vegetation (12 percent), and urban development (8 
percent) (IDEM 2001). Around 50 percent of the basin is cropland with corn and soybeans being 
the primary crops (Crawford 2001). In the West Fork White River basin, Frey et al. (2007) found 
that the dominant land uses were agriculture (81 percent), forest land (10.5 percent) and urban 
(7.5 percent). In 1992, the Gap Analysis Program (GAP) assembled land use information for the 
Upper White River headwaters where a sampling point is located (IDEM 2011). Dominant land 
use in this area was agriculture at approximately 89.6 percent. The remaining land uses consisted 
of approximately 5.7 percent forest, 2.0 percent wetland, 1.7 percent urban, and 1.1 percent 
water (IDEM 2011). The main land uses of the immediate sub-watershed around the Muncie 
sampling site are urban, greenspace, and residential with agriculture being upstream of the site 
(Fig. 1.2).  
 
Figure 1.2 Land uses around the sampling location in Muncie, IN.  
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Industrialization, mineral-resource extraction, urbanization, and agriculture are some of 
the main sources of pollution in the White River basin (Jacques and Crawford 1991; Martin et al. 
1996). More specifically, the major inputs of pollution are agricultural nonpoint sources, 
municipal or semi-public discharges, industrial discharges, urban runoff, and combined-sewer 
overflow (Martin et al. 1996). Since 1980, concern about water quality in the White River basin 
has shifted from point to nonpoint sources of pollution as most point-source discharges on the 
White River have been brought under control and subsequently improved water quality (Martin 
and Craig 1990; Muncie Sanitary District 2013).  
Nitrogen and phosphorus are common crop fertilizers applied in Indiana and within the 
river watershed (Martin et al. 1996). The most commonly used nitrogen-based fertilizers are 
anhydrous ammonia, 28-percent liquid nitrogen, and urea (Martin et al. 1996). It is estimated that 
these fertilizers are applied to 99 percent of corn fields, 30 percent of soybean fields, and 95 
percent of wheat fields in the study area (Martin et al. 1996). In the 1990s, phosphorus-based 
fertilizer application was estimated on 96 percent of corn fields, 38 percent of soybean fields, 
and 90 percent of wheat fields (Martin et al. 1996). Agricultural land has been linked to elevated 
levels of nutrients in waterways (Mueller and Helsel 1996). This is due to the lack of an 
established riparian zone, especially in the White River headwaters, which could act as a buffer 
and filter surface-water runoff (IDEM 2011). Field-tile drainage lines allow fertilizer that is 
spread onto fields to flow into waterways more quickly and at higher amounts than without tile 
drains (IDEM 2011). Land applied fertilizer and manure can also reach surface waters through 
overland runoff (IDEM 2011). For the Upper White River headwaters, the area contains many 
crop fields that have exposed soils and drainage patterns, which suggest that runoff from the 
fields occurs (IDEM 2011).  
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In the Upper White River headwaters, there is only one municipal storm sewer system 
which is located in Muncie, IN, where research was conducted (IDEM 2011). There are also four 
combined sewer overflow (CSO) outfalls that are associated with the Muncie Sanitary District 
(IDEM 2011). These CSOs and sewer system may serve as a source of nutrients from overflow 
during periods of precipitation. However, the sampling location was upstream of the wastewater 
treatment plant and was likely not affected by possible overflow from the plant. Local septic 
tanks can also serve as a source of nutrients for the White River since effluents from septic tanks 
can leach into groundwater or accumulate at the surface where they can be washed into surface 
waters during storm events (IDEM 2011). 
 In the Upper White River headwaters, there are ten concentrated animal feeding 
operations (CAFOs). All of these CAFOs are located in Randolph County, upstream from the 
sampling site (IDEM 2011). There are also five confined feeding operations (CFOs) in the Upper 
White River headwaters (IDEM 2011). The animals that are raised in these CFOs produce 
manure which is stored in devices such as pits and tanks. The manure can then be applied to 
local fields as fertilizer reducing the use of synthesized fertilizer but also serving as an 
environmental concern if leakage occurs, is applied improperly so surface or ground water is 
contaminated, or is over applied which impacts soil productivity (IDEM 2011). There are other 
smaller livestock operations in the area that are not regulated under the CFO or CAFO 
regulations (IDEM 2011). These operations are also liable to serve as an input of nutrients into 
surface waters via wastewater from the facilities, near-stream pastures, manure spreading onto 
fields, and livestock access to stream environments (IDEM 2011). When storms occur, runoff 
from pastures and livestock operations can become a source of nutrients into a river. The land  
36 
 
36 
cover at livestock operations is prone to become quickly barren, which increases the possibility 
of erosion and contaminated runoff during a storm event (IDEM 2011). 
1.2.3.2 Previous Research on White River 
In 2008, the Upper White River was classified by the US EPA to be an impaired body of 
water (US EPA 2010). According to the agency (US EPA 2010), a body of water is impaired if it 
cannot effectively support its designated use such as aquatic life support, fish consumption, 
recreation, public water supply, or irrigation. Nearly all rivers and streams in the White River 
basin are designated for full-body contact recreation and aquatic-life uses (Martin et al. 1996) but 
due to the presence of several cities along the river and the predominant agricultural land use, 
water quality within the West Fork White River watershed is highly affected by anthropogenic 
activities and full body contact and aquatic life harvesting is not allowed in many stretches of the 
river (US EPA 2010). In 2010, the stretch of the White River that the sampling location is at 
(Waterbody ID INW0126_T1010) was impaired for recreation and aquatic life harvesting due to 
E. coli and polychlorinated biphenyls (PCBs) in fish tissue (US EPA 2010). Upstream of the 
sampling site (Waterbody ID INW011D_T1009) the river is impaired for recreation, aquatic life 
harvesting, fish, shellfish, and wildlife protection and propagation due to E. coli, PCBs in fish 
tissue, and unknown causes (US EPA 2010). The most probable sources for these impairments 
according to the agency is combined sewer overflows, unrestricted cattle access, urban runoff, 
sewage discharges, and non-point source pollution (US EPA 2010).  
In the White River, nutrient concentrations are higher downstream from urbanized areas 
upstream of cities (Martin et al. 1996). Between 1981 and 1990, the TP concentrations increased 
on the White River upstream of Indianapolis at the sampling location (Martin et al. 1996). A 
study completed from 1986 - 1987, examined the White River near Indianapolis and found that  
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dissolved oxygen concentrations generally decreased with storm events, especially during the 
initial rise of discharge in the hydrograph (Martin and Craig 1990). Storm events diminished or 
eliminated daily cycles of dissolved oxygen in the White River (Martin and Craig 1990). 
Another study conducted between 1991 and 1996, found nitrate concentrations 
throughout the White River basin to average 2 - 6 mg/L and rarely exceeded the 10 mg/L US 
EPA MCL (Fenelon 1998). However, nitrate concentrations in the White River were still 
considered moderately higher than most other streams monitored in the United States (Fenelon 
1998). It was also found that pesticide levels for urban and agricultural sites were among the 
highest in the United States and that urban areas degrade the White River (Fenelon 1998). Trace 
metals and organic compound concentrations were found to be elevated in urban areas along 
with PCBs (Fenelon 1998). Stormwater runoff and sewer overflow was also found to be an issue. 
For example, in 1994, 510,000 fish were killed near Indianapolis due to storm runoff and sewer 
overflow (Fenelon 1998). 
In 2007, a study examined nutrient concentrations on the West Fork of the White River at 
34 sampling locations. The study found that Total Kjeldahl Nitrogen (TKN), nitrate, TN, and TP 
concentrations were within, or close to, the range of the suggested values established by 
IDEM/USGS for their ecoregion (Frey et al. 2007). However, when the concentrations were 
compared to suggested levels proposed by US EPA, TN would have exceeded recommendations 
by 51 percent in ecoregion VI, the ecoregion inclusive of the sampling site (Frey et al. 2007). TP 
concentrations would have exceeded the proposed US EPA levels by 70 percent in ecoregion VI; 
nitrate concentrations would have exceeded by 61 percent for ecoregion VI, and TKN 
concentrations would have exceeded by 65 percent (Frey et al. 2007).   
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The White River Watershed Project, an ongoing effort by the Delaware and Randolph 
communities to monitor White River water quality, conducted monitoring between 2006 and 
2007 that examined a variety of water quality parameters in the Buck Creek, Killbuck Creek, and 
Prairie Creek watersheds which are tributaries of the White River near the sampling location. 
The study did take samples after high precipitation events, but only two out of the eight sampling 
events were after precipitation events. In these tributaries, it was found that for total suspended 
solids (TSS), 57 of the 160 samples were above 30 mg/L, which is a target IDEM level. It was 
also found that TSS concentrations increased after high precipitation events and that channel 
instability was the most likely cause for increased TSS levels in the Buck Creek Watershed. 
Orthophosphate concentrations were higher than the recommended EPA guideline of 0.076 mg/L 
in 37 of the 160 samples and it was noted that the high concentrations took place after high 
rainfall events. For ammonia nitrogen, 60 out of the 160 samples were the recommended Indiana 
Administrative Code (IAC) levels, which vary depending on water temperature and pH. The 
highest ammonia nitrogen concentrations occurred two days after a heavy precipitation event 
where rainfall exceeded one inch. For nitrate + nitrite nitrogen, none of the samples exceeded the 
IAC drinking water standard of 10 mg/L and it was observed that nitrate + nitrite nitrogen 
concentrations increased during periods of higher discharge. (Brown et al. 2007) 
1.3  Project Overview 
The results presented in Chapter Three provide a comparison analysis of water quality 
data collected between May and October 2012 at the Muncie, IN site. The goal of this project 
was to examine the effects of storm water runoff on nutrient concentrations at two locations on 
the Upper White River over a six month period. Spatial and temporal variation in physico-
chemical water quality characteristics and concentrations of nutrients were examined. The  
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monitoring and analyses were conducted during periods of base flow and during and after 
precipitation events along a stream continuum to further understand how stormwater runoff 
affects water quality. Data were used to calculate total nitrogen (TN) and total phosphorus (TP) 
loads (in lbs/month) for the West Fork of the White River. Chapter Four presents a general 
summary focused on the analyses of stormwater trends of TN, TP, and other water quality 
parameters collected throughout the 2012 season.  
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CHAPTER 2: Research Methods 
2.1 Site Selection 
The study was performed in the watershed of the West Fork White River basin in 
Delaware and Madison County, Indiana. Sampling and monitoring took place at two locations 
from May to October in 2012. The first location was near the Minnetrista Cultural Center in 
Muncie, IN at the United States Geological Survey (USGS) 0334700 gage station for the White 
River (40N 12’ 15” 85W 23’ 14”) (USGS 2012a). The second location was in Anderson, IN at 
the USGS 03348000 White River gage station (40N 06’ 38” 85W 42’ 39”) (USGS 2012b). Both 
of these locations are located in the Upper White River Watershed (HUC 05120201) which is 
located in the West Fork of the White River Basin (HUC 051202) with the Anderson location 
being downstream and west of the Muncie location (Fig. 2.1). The West Fork of the White River 
Basin (HUC 051202) watershed has a drainage area of 5,600 square miles and 356 miles of 
flowing water. The land use for this watershed is approximately 76 percent agriculture (Martin et 
al. 1996). The Upper White River Watershed (HUC 05120201), which is part of the West Fork, 
begins in Randolph County and extends to Monroe and Brown Counties in the southwest. A 
complete description of the White River basin can be found in Martin et al (1996).  
47 
 
47 
 
Figure 2.1 Sampling locations in the White River basin.  
 
The Muncie site is located on the White River at the Walnut Road bridge crossing south 
of Highland Road (Fig. 2.2). A riparian zone is on both sides of the river extending for about 20 
meters at the site. The site mainly consists of glide habitats but does have some pools. The 
substrate is a mixture of boulders, cobble, gravel, and silt. The immediate watershed is primarily 
urban landscape with some greenspace and residential areas (Fig. 2.3). The site is located in 
Delaware County which has an average temperature of 11.1 °C ranging from 1.1 °C in January 
to 22.2 °C in July (WRWP 2004). The average monthly rainfall is 11.9 centimeters. The Muncie  
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site is located within the boundaries of the Wisconsin glacial deposits and consists mainly of 
Blount, Pewano, and Morley soil types (IDEM 2001; WRWP 2004).   
 
Figure 2.2 Location of sampling site in Muncie, IN. 
 
 
Figure 2.3 Land use at the sampling site in Muncie, IN. 
 
The Anderson site is located on the White River at the Raible Avenue bridge crossing 
north of West 8
th street (Fig. 2.4). This site has a small riparian zone only extending roughly ten  
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meters on both sides with some sections having no riparian zone. The site has riffles and pools 
and the substrate is largely small boulders, cobble, and gravel. The immediate watershed is 
mainly urban and is just upstream of the waste water treatment plant for Anderson. 
 
 
Figure 2.4 Location of sampling site in Anderson, IN. 
 
2.2 Sample Collection 
  Baseline water samples for analyses of nutrients and total suspended solids (TSS) were 
collected weekly from May 2012 through October 2012 resulting in a total of twenty-seven 
sampling events, four of those being storm events. Stream water was collected as discrete grab 
samples from the center of the stream on the upstream side of each bridge site using a horizontal 
Beta water sampler (Clesceri et al. 1998). Prior to sampling, the Beta sampler was washed with a 
10 percent solution of hydrochloric acid (HCl) in the laboratory and rinsed three times with  
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stream water at each location before each sample was collectged to prevent cross contamination 
of samples. Baseline samples were collected weekly on Wednesdays between 4 – 6 pm to 
establish background characteristics. All baseline samples were collected into 250 mL high-
density polyethylene Nalgene bottles (Nalgene Co., Rochester, NY) that had been washed with a 
10 percent solution of HCl prior to sampling. A duplicate sample was collected and a field blank 
was prepared at both sites during each sampling event for quality control. The samples were 
placed on ice for transportation to the laboratory, and stored in a refrigerator at 2 - 4 °C until 
further analysis (APHA 1998).  
Storm water samples were collected during four storm events between May and October 
2012. Two storms were sampled during the summer and two in fall at the Muncie location. 
Storm sampling did not take place at the Anderson location due to equipment malfunction and 
difficulty capturing a storm event. Storm sampling events occurred June 29 - 30 (storm 1), July 
14 - 15 (storm 2), September 7 - 11 (storm 3), and October 17 - 22 (storm 4). A storm was 
considered for sampling based on wet-weather conditions which were characterized by a 48-hour 
dry antecedent period and at least 0.3 inches of precipitation in a six-hour period (Fulton and 
Buckwalter 2003). Additionally, only storms that encompassed a large portion of Delaware and 
Randolph County were selected.  
Nine to twelve samples were collected during each storm event, including samples near 
the beginning and ending of the storm. For storm 1, twelve samples were analyzed, nine samples 
for storm 2, ten samples for storm 3, and nine samples for storm 4. Samples were intended to 
represent initial conditions, rising limb, peak discharge, falling limb, and the tail end of the river 
discharge during the storm event (Anderson and Rounds 2003). Storm water samples were taken 
by use of an Isco automatic water sampler (ISCO, Inc., Lincoln, Nebr.), in which they were  
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collected into 250 mL glass bottles. In order for the sampled water to come from the middle of 
the water column, the intake probe was attached to a stake that was placed in the middle of the 
river. Discrete sampling, collection of one sample per bottle, with the Isco automatic water 
sampler was used for each storm event. Sample collection was programmed on variable time 
intervals instead of flow intervals, since hydrologic characteristics such as discharge and stage 
were available on which to base the intervals.   
During the storm, all bottles were kept on ice in the automatic water sampler. For storms 
3 and 4, filled bottles were replaced with clean empty bottles so sampling could continue. The 
samples were placed on ice for transportation to the laboratory, and stored in a refrigerator at 2 - 
4° C until further analysis. Prior to field sampling, all glass bottles for the automatic sampler 
were washed with a 10 percent solution of HCl. 
2.3 Field Measurements 
Basic physicochemical water quality parameters were measured in situ during each 
sampling event for baseline sampling. Measurements of water pH, temperature, specific 
conductance, turbidity, and dissolved oxygen were taken from the center of the stream on the 
upstream side of each bridge site by use of a Hydrolab DS5 Sonde (Hach Co., Loveland, CO). 
For storm samples, measurements were performed in the laboratory with the Sonde by measuring 
the collected water samples. All meter electrodes were thoroughly rinsed with deionized water 
between each sample to prevent contamination. Prior to data collection, the Sonde was calibrated 
according to the manufacturer guidelines outlined in the Hydrolab DS5 User Manual (Hach Co. 
2006) and standard USGS protocols (Wilde and Radtke 1998).  
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2.4 Laboratory Measurements 
All collected water samples were analyzed for total phosphorus and total nitrogen using a 
Hach DR/2400 portable spectrophotometer (HACH Company, Loveland, CO). The 
concentration of total nitrogen was measured using the persulfate digestion method 10071. The 
detection range for this method is 0.5 to 25.0 mg/L N. The concentration of total phosphorus was 
analyzed using the PhosVer 3 with Acid Persulfate Digestion Method 8190 which is US EPA 
accepted. The detection range for this method is 0.06 to 3.50 mg/L PO4³¯. To ensure quality 
control of the data, analysis for total nitrogen and total phosphorus included triplicate samples, 
blank, and a verification standard with a known concentration. Total suspended solids for each 
sample were analyzed using gravimetric EPA method 160.2 (APHA 1998). Well-mixed samples 
were filtered through a glass fiber filter, and then the filter with the residue was dried at 103 - 
105 °C for one hour. All analyses were conducted within 24 hours of each sampling event. If the 
analysis could not take place within 24 hours, the sample was frozen for subsequent analyses. 
Quality control including cleansing with a 10 percent solution of hydrochloric acid (HCl) of 
sample bottles and labware and all calibration procedures were followed (Wilde 2004). 
Prior to analysis for nitrates, nitrites, and orthophosphates, samples were filtered for 
dissolved nutrients by passing water from the Nalgene bottles (Nalgene Co., Rochester, NY) 
through 22-mm diameter, 0.45 µm pore-size, cellulose-nitrate disc filters. Prepared samples were 
then taken to the Ball State Aquatics Environmental Laboratory for analysis via ion 
chromatography with a DIONEX ICS-3000 Ion Chromatography System.   
2.5 Hydrologic Data 
For each sampling and storm event, discharge and stage for the White River in Muncie 
(USGS station 03347000) and for White River in Anderson (USGS station 03348000) were  
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obtained from the US Geological Survey Real-Time Data website (USGS 2012 a,b). Values that 
were used for statistical analysis were obtained on February 8, 2013. Precipitation and air 
temperature data was obtained from the National Oceanic and Atmospheric Administration 
(NOAA) Muncie, Indiana station, located at the Muncie Airport (National Oceanic and 
Atmospheric Administration [NOAA] 1999).  
2.6 Statistical Analysis 
Nutrient loads for nitrogen and phosphorus were calculated using concentration and 
discharge data. A combination of Pearson’s correlation analyses, principal components analysis 
(PCA) and linear regressions were used to determine temporal and storm influences on nutrient 
concentrations, water quality parameters, and hydrologic data over the study period. Further 
discussions of these techniques are found in chapters 3 and 4.  
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CHAPTER 3: Technical Paper  
 
3.1 Abstract  
 
This study investigated temporal changes in nutrient concentrations and basic 
physicochemical water quality parameters at one sampling location in the Upper White River 
Watershed located in East Central Indiana. Baseline sampling was conducted weekly over a six 
month period and focused on analyses of total suspended solids and different forms of nitrogen 
and phosphorus. Four storm events were also investigated to understand how storm water runoff 
affects nutrient concentrations and other water quality parameters. It was hypothesized that storm 
events would temporarily increase nutrient concentrations in the river. Nutrient concentration 
increased during the initial stages of storm events but subsequently decreased at a rate slower 
than discharge. Nutrient loads and concentrations exceeded US Environmental Protection 
Agency recommended levels suggesting that nutrient concentrations may contribute to 
eutrophication at downstream locations. These results suggest that improved best management 
practices should be implemented in the Upper White River Watershed to control nutrient inputs 
into the river.  
3.2 Introduction  
Forty-four percent of assessed national waterways and sixty-nine percent of assessed 
Indiana waterways are considered impaired due to their inability to support their designated uses 
(IDEM 2001; US EPA 2010). One of these waterways is the White River in Indiana, which is 
considered to be impaired partly due to excessive nutrient concentrations (IDEM 2001; US EPA 
2010). Increased nutrient concentrations can yield local degradation of water quality negatively 
affecting the surrounding human, aquatic, and wildlife communities and impairing the water 
body (Kelly et al. 1999; Smith et al. 1999). This can be detrimental since the White River serves  
56 
 
56 
as an important water source for industry, agriculture, and drinking water supplies to the 
surrounding populations (Martin et al. 1996). Therefore, the water quality of the White River 
needs to be improved to continue to support its designated uses. One of the primary ways 
nutrients enter the White River is through storm runoff. Nutrients that enter the White River can 
be transported downstream and affect the Ohio and Mississippi River, where nutrients have been 
shown to cause eutrophication and hypoxia, low concentrations of dissolved of oxygen in the 
water (Burkart and James, 1999; Martin et al., 1996; NOAA, 1999). The nutrients also contribute 
to the dead zone in the Gulf of Mexico where hypoxia occurs seasonally each year (Burkart and 
James 1999). 
3.2.1 Scope of Problem 
Nitrogen and phosphorus are essential nutrients to plant growth and drive primary 
production in waterways (Garrison, 2007). While nutrients can be beneficial for the environment, 
excessive amounts of nutrients in surface water can cause stream impairment, accelerate 
eutrophication, and inflict human health problems (Carpenter et al. 1998). The most common 
impairment of surface water quality in the United States is eutrophication due to increases in 
nitrate and phosphorus loads (Carpenter et al. 1998; Kalff 2002; NOAA 1999; US EPA 2000; 
Vollenweider 1968). Eutrophication can cause depressed oxygen concentrations, loss of habitat 
and biodiversity, foul odors, fish-kills and algal blooms (Scavia et al. 2003; Smale and Rabeni 
1995; US EPA 2000). The water degradation that occurs as a result of nutrient enrichment can 
result in economic loss or changes in ecosystem services (Carpenter et al. 1998; US EPA 2000). 
For example, further drinking water purification may be needed or there may be reduced fish 
populations with nutrient enrichment. Additionally, increases in nutrient concentrations can shift  
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the types of species that live in the environment from sensitive species to more tolerant, often 
non-native, species (Carpenter et al. 1998). 
During precipitation events, nutrients enter the stream from the surrounding land through 
runoff (Anderson and Rounds 2003; Fulton and Buckwalter 2004; Green and Haggard 2001; 
Hyer and Moyer 2003; McCarthy 2000). Sources of nutrients in storm runoff include direct input 
from combined sewer overflows, rural and urban land and treatment plant bypasses (Anderson 
and Rounds 2003; Martin and Craig 1990). Nutrient fate is affected by flow condition, dilution 
by precipitation, and groundwater influences (Anderson and Rounds 2003; Kemp and Dodds 
2001). Initial flushing of the landscape during precipitation events can result in transport of high 
concentrations of nitrogen and phosphorus in receiving waters (Anderson and Rounds 2003). 
Bank erosion can also occur, increasing the load of sediment particles and nutrients entering a 
stream (Anderson and Rounds 2003). Past studies have found that nitrates are water soluble and, 
therefore, highly mobile in the environment (Anderson and Rounds 2003; Kemp and Dodds 
2001). Although nitrogen and phosphorus concentrations tend to increase with storm water 
events (Correll et al. 1999; Green and Haggard 2001; Kemp and Dodds 2001), some studies have 
found low concentrations of dissolved nitrates in samples collected during high discharge events 
following precipitation due to dilution (Anderson and Rounds 2003; Green and Haggard 2001).  
The White River is a tributary of the Ohio River, which contributes the largest input of 
nutrients to the Dead Zone in the Gulf of Mexico along with the Upper Mississippi River basin 
(Burkart and James 1999; Martin et al. 1996; NOAA 1999). The Dead Zone is an area in the 
Gulf of Mexico where seasonal eutrophication and hypoxia (low dissolved oxygen) occur in 
concert with large algal blooms in response to nutrient enrichment from the Mississippi River 
(Burkart and James 1999). Land-use changes and increases in anthropogenic nutrient sources are  
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the main reasons for the hypoxia in the Gulf of Mexico with agriculture nutrient inputs being the 
largest contributor (Mueller and Helsel 1996; Turner and Rabalais 1994). Many of these 
nutrients enter the waterway during storm runoff (Green and Haggard 2001). 
Due to the presence of major cities along the river and the predominant agricultural land 
use, water quality within the West Fork White River basin is affected by anthropogenic 
activities. Industrialization, mineral-resource extraction, urbanization, and agriculture are some 
of the main sources of pollution in the White River basin (Jacques and Crawford 1991; Martin et 
al. 1996). Specifically, the major inputs of nutrient pollution are agricultural nonpoint sources, 
municipal or semi-public discharges, urban runoff, and combined-sewer overflow (Martin et al. 
1996). In the White River, urbanized areas increase nutrient concentrations (Martin et al. 1996). 
Between 1981 and 1990, total phosphorus concentrations were higher on the White River 
downstream of Muncie, Anderson, and Indianapolis compared to sites upstream of the cities 
(Martin et al. 1996). Additionally, a White River watershed monitoring project conducted in 
Delaware County between 2001 and 2006, found that the concentration of pollutants generally 
increased further downstream and that there was a positive correlation between total suspended 
solids (TSS) and urban land use (Brown et al. 2007). Between 1991 and 1996, nitrate 
concentrations in the White River averaged 2 - 6 mg/L and rarely exceeded the maximum 
contaminant level (MCL) drinking water standard of 10 mg/L set by US EPA. However, nitrate 
concentrations in the White River are moderately higher than those in most other streams 
monitored in the United States (Fenelon 1998). In 2007, Frey et al. examined nutrient 
concentrations on the whole extent of the West Fork of the White River at 34 sampling locations. 
The study found that total kjeldahl nitrogen (TKN), nitrate, total nitrogen (TN), and total 
phosphorus (TP) concentrations were within or close to the range of the suggested values  
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established by IDEM and USGS for their ecoregion but above the suggested US EPA levels 
(Frey et al. 2007).  
As a result of the past studies on the White River, several small best management 
practices were implemented to improve water quality and enhance biological communities in the 
watershed (Brown et al. 2007). However, the issue of storm water effects has not been 
investigated and storm water runoff and combined sewer overflows continues to be a problem in 
the watershed. This research will address how storm water runoff affects nutrient concentrations 
in the West Fork of the White River. 
3.2.2 Research Objectives and Hypothesis 
The purpose of this study was to examine the effects of storm water runoff on nutrient 
concentrations in the Upper White River in Muncie, IN between May and October 2012. 
Temporal variability in physicochemical water quality characteristics and nutrient concentrations 
were quantified during periods of base flow as well as during storm events to better understand 
how storm water runoff affects stream water quality. It was hypothesized that storm events 
would temporarily increase the presence of nutrients in the waterway. Data were also used to 
calculate TN and TP loads (in lbs/month) for the West Fork of the White River.   
3.3 Methods 
3.3.1 Description of Watershed and Site 
The White River watershed, a tributary of the Wabash River, is located in central Indiana 
and consists of two branches, the East Fork and West Fork (Fig. 3.1). The West Fork of the 
White River basin (HUC 051202), where the sampling site was located, has a drainage area of 
14,504 square kilometers and 573 kilometers of flowing water. The land use in this basin is 
approximately 81.0 percent agriculture, 10.5 percent forest land, and 7.5 percent urban (Frey et  
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al. 2007). The sampling site was located on the Upper White River at the Walnut Road bridge 
crossing south of Highland Road near the Minnetrista Cultural Center in Muncie, IN at the 
United States Geological Survey (USGS) 0334700 gage station for the White River (40N 12’ 15” 
85W 23’ 14”) (USGS 2012). Land use for the Upper White River, which is part of the West 
Fork, is 89.6 percent agriculture, 5.7 percent forest, 2.0 percent wetland, and 1.7 percent urban 
(IDEM 2011). Land use immediately surrounding the sampling location in Muncie, IN 
(Delaware County) consists of urban, greenspace, and residential land uses with agriculture 
being upstream of the site (Fig. 3.2).  
 
Figure 3.1 Sampling locations in the White River Basin.  
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Figure 3.2 Land uses around the sampling location in Muncie, IN. 
 
3.3.2 Discharge and Water Quality 
Samples were collected at one location weekly and during four different storm events 
from May through October 2012. Two of the storms took place during the summer (June 29 and 
July 14) while the other two storms took place during the fall (September 7 and October 17). For 
a precipitation event to be characterized as a storm, a 48-hour dry period followed by at least 0.3 
inches of precipitation in a six-hour period was required (Fulton and Buckwalter 2003). Only 
precipitation events that met these criteria and encompassed a large portion of Delaware County 
were considered. Discharge and stage data at the Muncie site (USGS station 03347000) were 
obtained from the US Geological Survey Real-Time Data website (USGS 2012) for each 
sampling and storm event. For each observation, precipitation and air temperature data were 
obtained from the National Oceanic and Atmospheric Administration (NOAA) Muncie, Indiana 
station, located at the Muncie Airport.  
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  For baseline sampling, measurements of water pH, temperature, specific conductance, 
turbidity, and dissolved oxygen were taken from the center of the stream on the upstream side of 
each bridge site by use of a Hydrolab DS5 Sonde (Hach Co., Loveland, CO) which was 
calibrated prior to data collection according to the manufacturer guidelines outlined in the 
Hydrolab DS5 User Manual (Hach Co. 2006). The weekly baseline water samples were collected 
as discrete grab samples from the center of the stream on the upstream side of the bridge using a 
horizontal Beta water sampler (Clesceri et al. 1998). The samples were then collected into 250 
mL high-density polyethylene Nalgene bottles (Nalgene Co., Rochester, NY), stored on ice 
during transportation for no more than two hours, and analyzed within twenty-four hours (APHA 
1998). 
Nine to twelve water samples were collected during each storm event and were intended 
to represent initial conditions, rising limb, peak discharge, falling limb, and the tail end of each 
storm event (Anderson and Rounds 2003). The samples for storm events were collected in 250 
mL glass bottles by use of an Isco automatic water sampler (ISCO, Inc., Lincoln, NE). The 
automatic water sampler was programmed on variable time intervals to obtain samples 
throughout the entire precipitation event. Discrete sampling, collection of one sample per bottle, 
was used and the intake probe was in the middle of the water column attached to a post secured 
in the middle of the river. Samples from the automatic water sampler were stored and transported 
on ice for less than thirty minutes followed by refrigeration (2 -  4 °C), and analyzed within 
twenty-four hours. If the analysis could not take place within 24 hours, the sample was frozen for 
later analysis.  
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3.3.3 Laboratory Analysis 
Overall, there were 63 samples analyzed for total nitrogen (TN) and total phosphorus 
(TP) and 30 samples analyzed for nitrite, nitrate, and phosphate. Nitrite, nitrate, and phosphate 
have lower observation numbers because analysis for these constituents began August 8
th, 
compared to May 30
th for the other constituents. Phosphate, nitrite, and nitrate were only 
analyzed for samples collected in storms 3 and 4 due to equipment failure. Water samples were 
analyzed for TP and TN using a Hach DR/2400 portable spectrophotometer (HACH Company, 
Loveland, CO). For TN, the persulfate digestion method 10071 was used and for TP the acid 
persulfate digestion method 8190 was used which is US EPA accepted. Total suspended solids 
(TSS) were analyzed using gravimetric EPA method 160.2 (APHA 1998). Prior to the analysis of 
nitrate, nitrite, and orthophosphate, all samples were passed through 22 mm diameter, 0.45 µm 
pore-size, cellulose-nitrate disc filters. The filtered samples were then taken the Ball State 
Aquatics Environmental Laboratory where they were analyzed with a DIONEX ICS-3000 Ion 
Chromatography System. All labware and sample bottles were cleansed with a 10 percent 
solution of hydrochloric acid (HCl) prior to use and calibration procedures for all of the 
equipment were followed (Wilde 2004). Quality control for analytical procedures included 
triplicate samples, blank, and a verification standard with a known concentration (APHA 1998).   
3.3.4 Statistical Analysis 
Data were analyzed to evaluate factors influencing nutrient concentrations across 
sampling dates using Pearson’s correlation analyses, principal component analyses (PCA) and 
linear regression. For all analyses, baseline and storm sample data were combined yielding a 
total of 63 data points. Pearson’s correlation matrix and PCA were used to identify relationships 
between the measured variables and linear regression was used to analyze the influence of  
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independent variables (discharge, precipitation) on dependent variables (TSS, nutrient 
concentrations). PCA is a multivariate data analysis technique that reduces the number of 
variables (McCune et al. 2002). Phosphate, nitrate, and nitrite could not be analyzed by PCA due 
to an insufficient number of observations. The number of principal components (PCs) extracted 
(to explain the underlying data structure) was defined using the Kaiser-Guttman criterion in 
which only the PCs with eigen (a symmetric matrix of covariance or correlation) values greater 
than one were considered to be significant and were retained (McCune et al. 2002). Scores 
derived from the PCA were plotted along the first two PC axes and examined visually to identify 
parameter groups. Significant similarities and differences, which were determined by a 
significant eigen value, were then tested by linear regression. 
For the baseline data, local precipitation data were used to differentiate between ‘wet’ 
and ‘dry’ weather. ‘Wet’ weather was defined as at least 2.54 mm (0.10 in) of precipitation 
within 72 hours of sampling, while all other samples were classified as ‘dry’ weather (Stoeckel 
and Covert 2002). Nutrient loads (mass/time) for the White River were calculated by multiplying 
the nutrient concentration by stream discharge and averaging for the entire sampling period. The 
result is a measure of the mass of nutrients that is moving during a given time span. When 
computing the statistical results, all outliers were retained. Further, due to small sample size, 
analyses had low statistical power  
3.4 Results and Discussion 
3.4.1 Discharge and Storm Characteristics 
Across sampling events (n = 63) measured discharge ranged from 12 to 301 ft³/s. The 
discharge of the river between May and October 2012 was uncharacteristic of other years (Fig. 
3.3). Typically, discharge is higher during the first part of the sampling period (May through  
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August) and lower during the second part of the sampling period (August through October). 
However, in this study, lower discharge occurred from May through August and higher 
discharge occurred between August and October (Fig. 3.3). Variations in both amount and timing 
of precipitation may influence transport of nutrients. 
Table 3.1 Storm characteristics at the Muncie site in the White River drainage basin, 
Indiana including dates, number of samples, peak and total precipitation. 
Storm No.  Date  Number of 
Samples 
Storm 
precipitation 
(in) 
Peak storm 
discharge 
(ft³/s) 
Peak discharge 
sampled (ft³/s) 
1 (summer)  June 29 - 30, 2012  12  0.94  45  45 
2 (summer)  July 14 - 15, 2012  9  1.19  38  38 
3 (fall)  September 7 - 11, 2012  10  2.58  292  288 
4 (fall)  October 17 - 22, 2012  9  1.33  288  288 
 
 
Figure 3.3 Daily discharge measurements from May to October 2012. Source: US Geological 
Society http://waterwatch.usgs.gov/?m=real&r=in&w=map as of 3/13/13. 
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Storm sampling events occurred June 29 - 30 (storm 1), July 14 - 15 (storm 2), September 
7 - 11 (storm 3), and October 17 - 22 (storm 4) (Table 3.1). The summer storms (storms 1 and 2) 
had ~5x lower peak discharge and precipitation amounts compared to the fall storms (storms 3 
and 4) (Table 3.1). Peak discharges during storm 1 (maximum 45 ft³/s) and storm 2 (maximum 
38 ft³/s) were the lowest sampled but were characteristic of the storms that occurred between 
June and August in 2012 (Appendix A, Table A2). Rainfall amounts for the storms ranged from 
0.94 to 2.58 inches, with storm 1 having the lowest (0.94 in) and storm 3 having the highest 
(2.58 in) amount of precipitation (Table 3.1).  Hydrographs during storm event either had one or 
two discharge peaks due to variations in precipitation pattern (Table 3.1). Storm 1 and storm 2 
only had one discharge peak while storm 3 and storm 4 had two peaks.  
3.4.2 Descriptive Statistics 
3.4.2.1 Total Suspended Solids 
TSS measurements ranged from 5.0 to 102.5 mg/L with an average of 29.6 mg/L (Table 
3.2). When comparing dry and wet weather, TSS concentrations were 29 percent higher in wet 
weather (mean = 35.0 mg/L) than dry weather (mean = 27.1 mg/L) (Table 3.3). TSS 
concentrations generally increased over time with the highest TSS measurement in October. 
Higher amounts of precipitation occurred later in the year which allowed soil to become more 
saturated and increased particulates entering the river (Anderson and Rounds 2003; Correll et al. 
1999). The average for TSS (29.6 mg/L) was just below the IDEM recommended level of 30 
mg/L for surface waters (Brown et al. 2007). Of the TSS measurements, 38 percent exceeded the 
30 mg/L recommended level with two of those measurements during dry weather and the rest (n 
= 22) during wet weather (Table 3.4). Higher TSS concentrations during wet weather indicate 
that TSS are entering the river through precipitation events consistent with previous research  
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(Anderson and Rounds 2003; Martin et al. 1996).Overall, the TSS measurements were, on 
average, below recommended levels indicating that TSS is not a major water quality issue but 
should be monitored for future increases.  
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Figure 3.4 Total suspended solid (TSS) concentrations over the sampling period with 
suggested maximum level of 30 mg/L set by Indiana Department of Environmental 
Management (Brown et al. 2007). 
 
Table 3.2 Water quality characteristics from May – September 2012 at the Muncie site. bd 
= below detection. 
Parameter  Unit  Number of 
Samples  Mean  Median  Lowest 
Measurement 
Highest 
Measurement 
Total Suspended Solids (TSS)  mg/L  63  29.57  20.00  5.00  102.50 
Phosphate  mg/L  30  0.21  0.17  0.07  0.86 
Total Phosphorus (TP)  mg/L  63  0.65  0.61  0.24  1.74 
Nitrite  mg/L  30  bd  bd  bd  0.02 
Nitrate  mg/L  30  1.61  1.03  0.05  7.17 
Total Nitrogen (TN)  mg/L  63  3.28  3.13  1.03  8.53 
Discharge  ft³/s  63  88.54  43.00  12.00  288.00 
Stage  ft  63  4.17  4.09  3.92  5.09 
Turbidity  NTU  63  19.72  14.50  4.50  95.60  
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Table 3.3 Comparison of dry and wet weather measurements as mean and median values. 
bd = below detection. 
   Dry Weather Measurements  Wet Weather Measurements 
Parameter  Unit  n  Mean  Median  n  Mean  Median 
Discharge  ft³/s  16  33.75  25.50  47  107.20  45.00 
Total Suspended Solids (TSS)  mg/L  16  27.12  19.30  47  34.99  29.00 
Phosphate  mg/L  6  0.14  0.16  24  0.22  0.17 
Total Phosphorus (TP)  mg/L  16  0.48  0.52  47  0.71  0.65 
Nitrite  mg/L  6  bd  bd  24  bd  bd 
Nitrate  mg/L  6  1.21  0.56  24  1.71  1.19 
Total Nitrogen (TN)  mg/L  16  2.76  2.83  47  3.46  3.23 
 
Table 3.4 Required or recommended levels of TSS and nutrients in surface waters and 
number of samples and percent of sample collected exceeding these levels. 
Parameter 
Recommended or 
Required Level 
(mg/L) 
Regulatory 
Agent  N 
Number Above 
Recommended 
Level 
Percentage Above 
Recommended 
Level 
Total Suspended Solids  30.00  IDEM  63  24  38 
Phosphate  0.076  EPA  30  29  98 
Total Phosphorus  0.076  EPA  63  63  100 
Nitrite  1.00  EPA  30  0  0 
Nitrate  10.00  EPA  30  0  0 
Total Nitrogen  2.18  EPA  63  57  90 
 
3.4.2.1 Phosphate 
Across samples, phosphate ranged from 0.07 – 0.86 mg/L with an average of 0.21 mg/L 
(Table 3.2). When comparing between wet and dry weather, the dissolved phosphate 
concentration measured during wet weather was 19 percent higher (mean = 0.22 mg/L) than dry 
weather (mean = 0.160 mg/L) (Table 3.3). For example, phosphate concentrations in dry weather 
did not exceed 0.2 mg/L; whereas, during wet weather the maximum concentration measured 
was 0.87 mg/L (Figs 3.5). The trend of higher phosphate concentrations during wet weather 
suggests that phosphate is positively related to contaminants in runoff (Martin et al. 1996).  
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Figure 3.5 Phosphate concentrations over the sampling period with suggested maximum 
level of 0.076 mg/L set by US EPA (US EPA 2012). 
 
Of the phosphate measurements, 97 percent were above the recommended 0.076 mg/L 
US EPA guideline for flowing waters (Table 3.4) (US EPA 2012). The only observation that did 
not exceed the 0.076 mg/L guideline was a dry weather sample collected on August 29, 2012 
(Fig. 3.5; Appendix B, Table B4). The eutrophication threshold of 0.10 mg/L (Pierzynski et al. 
2000) was also exceeded in 50 percent of the dry weather samples and 96 percent of the wet 
weather samples (Fig. 3.5; Appendix B, Table B4). Thus, the measured phosphate concentrations 
could contribute to eutrophication and cause detrimental effects to aquatic life and human health 
(Pierzynski et al 2000; US EPA 2012). Continued efforts to reduce phosphate entering the river 
upstream and around Muncie are needed.  
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3.4.2.2 Total Phosphorus 
Across samples, TP ranged from 0.24 – 1.74 mg/L with an average of 0.65 mg/L (Table 
3.2). When comparing between wet and dry weather, the TP concentration during wet weather 
was 47 percent higher (mean = 0.71 mg/L) than dry weather (mean = 0.48 mg/L) (Table 3.3). For 
example, TP concentrations in dry weather never exceeded 0.6 mg/L while 33 of the 47 wet 
weather observations were above this level. The trend of higher TP concentrations during wet 
weather suggests a positive relationship between TP and discharge.  
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Figure 3.6 Total phosphorus concentrations over the sampling period with suggested 
maximum level of 0.076 mg/L set by US EPA (US EPA 2012). 
 
There was no apparent seasonal trend with TP (Fig. 3.6), but a past study on the West 
Fork White River that found TP concentrations were highest August through November (Martin 
et al. 1996). This increase is likely due to higher precipitation in the fall yielding increased  
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nutrient runoff in the river (Burt 1989; Correll et al. 1999; Welsch et al. 2001). For TP, all 
measurements were above the recommended 0.076 mg/L US EPA guideline for flowing waters 
of eco-region VI (Table 3.4, Fig. 3.6) (US EPA 2012). The highest TP measurement (1.74 mg/L) 
was more than 22 times the recommended level. Also, the average TP nutrient load transported 
by the White River in the vicinity of Muncie, IN for the sampling period was approximately 
11,845 lb/yr of TP which is lower than previous measurement from 1981-90 (280,000 lb/yr) 
(Martin et al. 1996). These high concentrations of TP may cause detrimental effects and 
contribute to eutrophication downstream and more regulating or management of TP inputs into 
the White River are needed (Correll et al. 1999; US EPA 2012). 
3.4.2.3 Nitrate 
Nitrate concentrations ranged from 0.05 – 7.2 mg/L with an average of 1.61 mg/L (Table 
3.2). When comparing between wet and dry weather, nitrate concentrations during wet weather 
was 41 percent higher (mean = 1.71 mg/L) than dry weather (mean = 1.21 mg/L) (Table 3.3). 
Although dry weather measurements had lower overall nitrate concentrations compared to wet 
weather measurements, one dry weather measurement had the second highest concentration 
(4.89 mg/L) (Fig. 3.7). The trend of higher nitrate concentrations during wet weather has been 
previously observed in the White River (Martin et al. 1996). However, during extreme high 
discharge (i.e., floods, spring high flow) nitrate concentrations can decrease due to dilution 
(Anderson and Rounds 2003; Martin et al. 1996). 
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Figure 3.7 Nitrate concentrations over the sampling period with maximum contaminant 
level of 10.0 mg/L for surface waters set by US EPA (US EPA 2009). 
 
Nitrate concentrations increased from August to October (Figure 3.7) likely due to 
increased precipitation and runoff to the river (Burt 1989; Correll 1999; Welsch et al. 2001). 
None of the collected nitrate samples were above the US EPA maximum contaminant levels of 
10.0 mg/L for nitrate (Table 3.4, Figs. 3.7) indicating that nitrate may not be a water quality 
concern, even during storm events (US EPA 2009; US EPA 2012).  
3.4.2.4 Total Nitrogen 
Across samples, TN ranged from 1.03 – 8.53 mg/L with an average of 3.28 mg/L (Table 
3.2). When comparing between wet and dry weather, wet weather concentrations were 25 
percent higher (mean = 3.46 mg/L) than dry weather concentrations (mean = 2.76 mg/L) (Table 
3.3). The trend of higher TN concentrations during wet weather was consistent with previous  
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research (Correll et al. 1999; Kemp and Dodds 2001) and suggests that TN is positively related 
to contaminants in runoff (Martin et al. 1996). 
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Figure 3.8 Total nitrogen concentrations over the sampling period with suggested 
maximum level of 2.18 mg/L set by US EPA (US EPA 2012). 
 
Of the TN measurements, 90 percent of samples were above the US EPA recommended 
level of 2.18 mg/L TN for eco-region VI (Table 3.4, Fig. 3.8) (US EPA 2012). Both wet and dry 
weather observations were above this suggested level (Fig. 3.8) which indicates that TN is 
always a water quality issue and not only associated with storm flow. Further, the average TN 
nutrient load transported by the White River in the vicinity of Muncie, IN for the sampling 
period was approximately 57,634 lb/yr which is lower than measurements from  1981 - 90 
(5,200,000 lb/yr) (Martin et al. 1996). The high concentrations of TN may lead to water quality 
issues and eutrophication (Kalff 2002; NOAA 1999; Smith et al. 1999) therefore; measures 
should be taken to reduce TN inputs.   
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3.4.4 Statistical Results 
3.4.4.1 Pearson’s Correlation Matrix Results 
Several water quality parameters were statistically correlated suggesting associations 
between some parameters. Specifically, TSS was positively correlated with discharge (R = 0.43; 
(p < 0.01)) (Table 3.5). As TSS represents particulates that are resuspended or brought in during 
a storm event (Anderson and Rounds 2003), discharge would be expected to increase 
concentrations. However, it was interesting that TSS were not correlated with any other 
constituent measured including turbidity, TN and TP which are usually associated with 
suspended particulates (Anderson and Rounds 2003; Correll et al. 1999; Pionke and Kunishi, 
1992). 
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Table 3.5 Correlations for selected water-quality constituents in Whiter River, Indiana, 
May to October 2012. 
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For nutrients, TP, nitrate, and TN were positively correlated with discharge (p < 0.01; R 
= 0.58, 0.61, 0.49 respectively) (Table 3.5) which is consistent with previous studies (Anderson 
and Rounds 2003; Kemp and Dodds 2001; Martin and Craig 1990). Phosphate, TP, TN were also 
positively correlated with turbidity (p < 0.01; R = 0.49, 0.58, 0.53 respectively) (Table 3.5) 
which is consistent with previous studies (Anderson and Rounds 2003). Interestingly, nitrate was 
also positively correlated with turbidity (p < 0.05; R = 0.419), even though nitrate is not 
commonly associated with particulates (Anderson and Rounds 2003; Kemp and Dodds 2001). 
Nitrate tends to be a highly mobile ion due to its water solubility and does not attach to soil 
particles as much as phosphorus does (Anderson and Rounds 2003). Nutrients were also 
correlated with one another suggesting common sources. For example, TN and nitrate were 
positively correlated (p < 0.01; R = 0.590) and TP and phosphate were also positively correlated 
(p < 0.01; R = 0.719) (Table 3.5). As total nutrient concentrations (TP, TN) are derived in part 
from individual nutrient forms (nitrate, phosphate), changes in individual nutrient concentrations 
should yield changes in total concentrations (Florida Lakewatch 2000; Garrison 2007). These 
correlations also indicate that alternative nutrient forms (e.g., ammonium) are not significantly 
influencing TN patterns. Total phosphorus was also positively correlated with nitrate (p < 0.01; 
R = 0.567) and TN (p<0.05; R = 0.321) which is consistent with all of these parameters also 
being positively correlated with discharge (Table 3.5). However, nitrite, which is measured in 
TN, was not positively correlated with TN. Nitrite concentrations were low and frequently below 
detection limits. Thus, nitrite concentrations do not follow patterns identified with other nutrient 
forms.  
 
  
77 
 
77 
3.4.4.2 Principal Component Analysis Results 
Two principal components (PCs) were obtained with eigenvalues greater than one which 
were determined to be significant based on the Kaiser-Guttman criterion and accounted for 62 
percent of the total variance in the data (Table 3.6) (McCune et al. 2002). The first PC had an 
eigenvalue of 2.26, accounting for 38 percent of the total variance and was correlated with TN, 
TP and turbidity (Table 3.6). The second PC, accounting for 24 percent of the total variance, had 
an eigenvalue of 1.44 and was correlated primarily with total suspended solids (TSS), pH, and 
conductivity (Table 3.6. TN, TP, and turbidity were grouped more closely together compared to 
the TSS, pH, and conductivity (Figs. 3.9-10).  
Table 3.6 Principal component analysis results with the following variables: Total 
Nitrogen, Total Phosphorus, Total Suspended Solids, pH, conductivity, and turbidity. 
Principal Component Analysis 
Eigenvalue  2.2600  1.4387  0.8867  0.6730  0.5248  0.2168 
Proportion  0.3770  0.2400  0.1480  0.1120  0.0870  0.0360 
Cumulative  0.3770  0.6160  0.7640  0.8760  0.9640  1.0000 
Variable  PC1  PC2  PC3  PC4  PC5  PC6 
Total Nitrogen  0.4700  -0.0690  -0.2680  -0.7770  0.0930  -0.3010 
Total Phosphorus  0.4770  -0.1450  -0.3960  0.6210  0.1960  -0.4130 
Total Suspended Solids  0.3220  0.5390  0.4450  0.0760  -0.5130  -0.3730 
pH  -0.2910  -0.6450  -0.0100  -0.0250  -0.5760  -0.4090 
Conductivity  -0.2380  0.4340  -0.7570  -0.0070  -0.4170  0.0900 
Turbidity  0.5540  -0.2810  -0.0210  0.0640  -0.4300  0.6510 
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Figure 3.9 Biplot of first component (TN, TP, turbidity) plotted against second component 
(TSS, pH, and conductivity).  
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Figure 3.10 Loading plot of first component (TN, TP, and turbidity) plotted against second 
component (TSS, pH, and conductivity).  
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The first and second principal components from the PCA analysis were plotted against 
discharge to further examine the influence of discharge on water quality parameters. When PC1 
(TN, TP, turbidity) was plotted against discharge, there was a positive relationship between PC1 
and discharge (p < 0.01; R-Sq = 0.58) (Fig. 3.11). The second principal component (PC2; pH, 
conductivity, TSS) was not related with discharge (p = 0.242; R-Sq = 0.02) (Fig. 3.12). This 
would suggest that pH, conductivity, and TSS have different types of correlations with discharge 
or are not as correlated with discharge as TN, TP, and turbidity (McCune et al. 2002). The 
Pearson’s correlation matrix further supports this in that pH was negatively correlated with 
discharge, TSS had a positive correlation, and conductivity was not correlated with discharge 
(Table 3.4). TN, TP, and turbidity are all commonly associated with particulates in water which 
are brought in during storm events characterized by higher discharge (Anderson and Rounds 
2003). Surprisingly, TSS, a measure of particulates in water, was not grouped with TN, TP, and 
turbidity. The lack of correlations possibly indicates that the sources of TSS, TN, and TP differ 
or that sources of TN and TP were not largely particulate.   
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Figure 3.11 Scatterplot of first principal component (TN, TP, and turbidity) plotted against 
discharge. PC1 = -1.056 + 0.01146 * Discharge. R-Sq = 0.58; p < 0.01. 
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Figure 3.12 Scatterplot of second component (TSS, pH, and conductivity) plotted against 
discharge. PC2 = -0.1712 + 0.001859 * Discharge. R-Sq = 0.02; p > 0.01.  
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3.4.4.3 Linear Regression Results 
Linear regression analysis confirmed the relationship between TP concentrations and 
discharge (F (1,61) = 30.746, p < 0.001) (Table 3.6) as well as between TN and discharge (F (1,61) = 
19.027, p < 0.001) (Table 3.7) consistent with the Pearson’s correlation results (Table 3.4) and 
previous research (Anderson and Rounds 2003; Correll et al. 1999). Specifically, for every 1 ft³/s 
increase in discharge, TP increased by 0.002 ± 0.001 mg/L (Table 3.6) and TN increased by 
0.006 ± 0.003 mg/L (Table 3.7). Furthermore, a linear regression analysis between TN 
concentrations and precipitation amounts three days prior to the sampling date was significant (F 
(1,61) = 16.043, p < 0.001) (Table 3.8) indicating that  for every 1 inch of rain, TN increased by 
2.394 ± 1.195 mg/L (Table 3.8). The relationship between nitrate and discharge was significant 
as well (F (1,28) = 16.314, p < 0.001) (Table 3.9) and it was estimated that for every 1 ft³/s 
increase in discharge, nitrate increased by 0.010 ± 0.005 mg/L (Table 3.9). In contrast, the linear 
regression analysis between phosphate and discharge and between nitrite and discharge was not 
significant (Table 3.10-11) which was consistent with the Pearson’s correlation results (Table 
3.4). 
3.4.5 Storm Behavior 
Storm events bring in material from overland runoff which can include TSS and nutrients 
(Anderson and Rounds 2003; Correll et al. 1999; Green and Haggard 2001; Kemp and Dodds 
2001). Leopold et al. (1995) found that TSS concentration during stormflow tended to peak prior 
to the discharge in most streams, which was consistent with this study during storm 3 but not for 
storms 1, 2 or 4 (Fig. 3.19). In fact, TSS concentrations behaved differently for each storm in 
relation to river discharge. For example, in storm 1, TSS concentrations fluctuated throughout 
the storm; in storm 2, TSS concentrations peaked after discharge; and in storm 4, TSS reached  
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maximum concentration at maximum flow (Fig. 3.19). However, even though TSS peaked at 
different times for each storm, TSS was still positively correlated with discharge across the storm 
events (Table 3.5) consistent with other studies (Anderson and Rounds 2003; Leopold et al. 
1995). The differences in peak timing was probably due to differences in storm intensity, 
precipitation amounts, and nearby soil conditions which would influence the amount of soil 
particles in runoff (Dodds 2002; Kalff 2002). TSS concentrations following the storm were 
comparable to pre-storm concentrations in storms 2 and 3 but not in storms 1 and 4 where TSS 
concentrations remained elevated immediately following the storm event.  
Table 3.7 Percent increases between initial and peak concentrations during storm events 
for selected water quality parameters. bd = below detection. 
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Storm 1 18.0 35.0 94 Storm 1 Storm 1 0.61 0.73 20
Storm 2 15.5 40.5 161 Storm 2 Storm 2 0.63 0.89 42
Storm 3 39.5 68.0 72 Storm 3 0.19 0.86 350 Storm 3 0.53 1.29 143
Storm 4 65.3 102.5 57 Storm 4 0.14 0.31 122 Storm 4 0.45 1.16 156
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Initial 
Concentration
Peak 
Concentration
Percent 
Increase
Storm 1 Storm 1 Storm 1 3.13 4.23 35
Storm 2 Storm 2 Storm 2 2.93 3.53 20
Storm 3 b.d b.d  -  Storm 3 0.09 1.08 1092 Storm 3 2.67 4.03 51
Storm 4 b.d b.d 0 Storm 4 1.00 3.55 256 Storm 4 2.67 3.67 37
Nitrite (mg/L) Nitrate (mg/L) TN (mg/L)
TSS (mg/L) Phosphate (mg/L) TP (mg/L)
 
 
For all storm events, initial TSS concentrations were below the IDEM recommended 
level of 30 mg/L but then increased to over 30 mg/L during the storm (Fig. 3.13). However, this 
temporary increase of TSS was not sustained beyond the storm event.  During the four storms, 
TSS concentrations increased by 57 - 161 percent (Table 3.7), which confirms the influence 
storm events have on TSS concentrations (Anderson and Rounds 2003; Leopold et al. 1995).   
83 
 
83 
 
Figure 3.13 Total suspended solid (TSS) concentrations with discharge during the four 
storms monitored between May and October 2012. Note different axes scales on individual 
storms. 
 
Higher phosphate concentrations were measured immediately following storm events and 
at periods of higher discharge (Fig. 3.14). In storms 3 and 4, phosphate concentration reached 
their maximum after the peak discharge occurred (Fig. 3.14). Phosphate concentrations for storm 
3 reached the maximum after discharge had almost dropped back to pre-storm conditions while 
during storm 4, phosphate concentrations decreased at the same rate as discharge (Fig. 3.14). 
During storm 3, phosphate concentrations increased 350 percent but only 122 percent during 
storm 4 (Table 3.7). Though no significant correlation between phosphate and discharge was 
identified (Table 3.7, Fig. 3.14), this indicates that storm events can increase phosphate 
concentrations streams, potentially as a non-linear relationship. Previous studies have also not 
identified direct relationships between phosphate and discharge (Green and Haggard 2001; 
Zhang et al. 2007). Green and Haggard (2001) observed that phosphorus decreased with  
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increasing discharge due to dilution while for Zhang et al. (2007) phosphate concentrations were 
not affected by storm events.  
 
Figure 3.14 Phosphate with discharge during storm 3, September 7-12, 2012 and storm 4, 
October 17-23, 2012. 
 
Total phosphorus concentrations peaked after discharge for all of the storms which was 
inconsistent with previous studies (Correll et al. 1999; Paul and Meyer 2001). Usually 
concentrations of particulate nutrients during a storm event peak before discharge peaks (Correll 
et al. 1999). This delay in peaking may indicate that TP concentrations are also influenced by 
dissolved TP forms or that higher inputs of TP continued to enter the river even after runoff 
started to decrease. Maximum TP concentrations for storms 2 and 4 were measured shortly after 
discharge peaked in contrast to storms 1 and 3 where maximum TP concentrations were 
measured on the falling limb of the hydrograph (Fig. 3.15). For storm 3, there appeared to be an 
initial flush of TP with the first peak of discharge, but the second increase of discharge brought a 
second TP peak that exceeded earlier measurements (Fig. 3.15). Unlike the other storms, storm 4 
TP concentrations elevated and decreased at the same rates as discharge (Fig. 3.15). Across the 
storm events, TP concentrations increased between 19 and 156 percent (Table 3.7) where greater 
increases were measured during storms 3 and 4 suggesting that the more intense storms with 
higher precipitation bring in more total phosphorus (Correll et al. 1999; Martin and Craig 1990). 
Alternatively, higher TP in storms 3 and 4 may also be a function of season as these were fall  
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storms characterized by more saturated soil which may facilitate increased surface runoff 
(Carpenter et al. 1998; Dodds 2002).  
   
Figure 3.15 Total phosphorus with discharge in storms 1-4 during the sampling period 
from May-October, 2012.  
 
Nitrate concentrations were lowest during the September storm (storm 3) and highest 
during the October storm (storm 4) (Table 3.7). During storm 3, there were two discharge peaks 
that affected nitrate trends (Fig. 3.16). After the first discharge peak, nitrate concentrations 
increased (1.13 mg/L) and then declined until the subsequent discharge peak which yielded 
maximum nitrate concentrations (1.29 mg/L) measured. During the second discharge peak of 
storm 3, nitrate concentrations increased at a slower rate (38 hours to maximum concentration) 
compared to the first discharge peak (8 hours to maximum). Also, nitrate concentrations were 
still elevated when discharge returned to pre-storm levels. During storm 4, nitrate concentrations 
also peaked after discharge, consistent with phosphate concentrations (Fig. 3.16). However, for 
both storms, nitrate concentrations declined at a slower rate relative to phosphate which may be 
due to overall nutrient concentration amounts or from different nutrient uptakes by aquatic biota  
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(Francoeur 2001). During storm 3, nitrate concentrations increased by 1092 percent while for 
storm 4, nitrate concentrations increased only 256 percent (Table 3.7).  
 
Figure 3.16 Nitrate with discharge during storm 3, September 7-12, 2012 and storm 4, 
October 17-23, 2012. 
 
In all four storms, TN reached the maximum concentrations after discharge peaked (Fig. 
3.17). During all storms except storm 2, TN concentrations were higher following the storm 
compared to pre-storm concentrations (Fig. 3.17; Appendix C Tables C1-4). Overall, TN 
concentrations following storm events decreased at a slower rate relative to phosphate and TP  
consistent with slower declines in nitrate. Across storms, TN concentrations increased between 
20 and 51 percent (Table 3.7). Consistent with measurements of TP, storms 3 and 4 had the 
highest percent increases indicating that higher precipitation storms may carry more nutrients 
into the river (Correll et al. 1999; Martin and Craig 1990).    
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Figure 3.17 Total nitrogen with discharge for storms 1-4 during the sampling period from 
May-October, 2012.  
 
3.4.6 Nutrient Sources 
These data indicate storms influence nutrient concentrations in streams. However, they 
do not identify the sources of TSS or nutrients within the basin. The sampling location is in an 
urban area that contains a high percentage of impervious surfaces while upstream of the site 
agriculture is the dominant land use (IDEM 2011). Both land uses are known to increase nutrient 
concentrations in water bodies (Paul and Meyer 2001; USGS 1999; Winger and Duthie 2000; 
Osborne and Wiley 1988; Smart et al. 1985) and are likely sources of nutrients to waterways 
during storm events.  
The lack of correlation between TSS and dissolved phosphate concentrations coupled 
with increased concentrations during storm event suggests that phosphate comes from dissolved 
sources. Also, particulate nutrients tend to peak prior to the hydrograph peak (Correll et al. 
1999), which was not observed in this study. In previous research, dissolved phosphate was not 
correlated with discharge and phosphate was primarily introduced in particulates (Correll et al.  
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1999; Pionke and Kunishi, 1992). However, in this study, precipitation was low compared to 
historical records which may have reduced soil moisture. This would increase infiltration rates 
and decrease soil particles and organic litter entering the river during a storm event (Dunne and 
Leopold 1978; Paul and Meyer 2001). This may have caused more dissolved phosphate to enter 
the river relative to particulate (McCarthy 2001; Kelly et al. 1999). Total phosphorus 
concentrations were also not correlated with TSS, but were positively correlated with discharge 
and phosphate. However, phosphate concentrations were only 32 percent of TP concentrations 
(phosphate mean divided by TP mean). The remaining 68 percent of total phosphorus 
concentrations would be comprised of dissolved organic phosphorus and particulate phosphorus 
therefore it is uncertain how much of TP is dissolved or particulate.  
Due to infiltration rates being higher during the summer because of low precipitation, 
sources of phosphorus most likely came from resuspension of river sediment and nearby sources 
(Anderson and Rounds 2003; Correll et al. 1999). Dissolved forms of phosphorus will enter a 
river through runoff, soil interflow, and deep leaching while particulate forms enter by eroded 
surface soils and organic surface litter (Hansen 2002; Anderson and Rounds 2003). TP 
concentrations can increase when sediment resuspension and bank erosion occur during storm 
events, which results in higher loads of particulate phosphorus attached to sediment particles 
(Anderson and Rounds 2003). Phosphorus sources also include surrounding land which was 
characterized by urban land cover. The primary urban sources of phosphorus include fertilizers 
and wastewater (Paul and Meyer 2001). At this sampling site, six outfalls, or which three are 
sewage, are upstream which could contribute phosphorus to the river (Muncie Bureau of Water 
Quality, 2013). Some of the phosphorus may also have originated from upstream agricultural 
fields (IDEM 2011).  
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Storm events increased nitrate concentrations, which has been previously documented 
(Burt 1989; Welsch et al. 2001). However, this contradicts Anderson and Rounds (2003) and 
Green and Haggard (2001) who both found that nitrate concentrations decreased during high 
discharge events following precipitation due to dilution. Total nitrogen measurements included 
both dissolved and particulate nitrogen with about half being dissolved. Typically, TN 
concentrations are predominantly particulate nitrogen (Correll et al. 1999; O’Brien et al. 1993). 
In this study, 49 percent of TN was dissolved nitrite and nitrate. Thus, at a maximum, particulate 
nitrogen only accounted for approximately half of TN which is consistent with the lack of a 
correlation between TN and TSS. Further, TN concentrations peaked after discharge and 
subsequently decreased at a rate slower than discharge which is uncharacteristic of particulate 
nitrogen (Correll et al. 1999; O’Brien et al. 1993). Also, due to the dry summer conditions 
resulting in dry soils, soil infiltration rates would have increased which would cause less erosion 
of the surface soil, a source of particulate nitrogen, to the river (Correll et al. 1999; Hansen et al. 
2002; Randal et al. 2000).  
Nitrogen sources during the storm events were probably similar to phosphorus sources, 
especially since, TN, TP, and nitrate were all positively correlated. The majority of the nitrogen 
that entered the river most likely came from nearby urban sources with some from upstream 
agricultural runoff (USGS 1999). Nearby urban sources could consist of fertilizer and upstream 
sewage, wash water, tap, and natural water source outfalls which are known to increase nitrogen 
concentrations (Paul and Meyer 2001; Meybeck 1998; Muncie Bureau of Water Quality 2013; 
USGS 1999). Nutrient concentrations could also be affected by groundwater which serves as an 
important input of nutrients (Anderson and Rounds 2003; Dodds 2002; Kelly et al. 1999) though 
groundwater was not measured in this study.   
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3.5 Conclusions  
 
These data indicate that stream nutrient concentrations are influenced by storm events, as 
evidenced by increased nutrient concentrations. For all nutrients measured, concentrations 
increased during storms 20 – 1,092 percent. In addition, nutrients decreased at a slower rate 
relative to discharge. Nutrient pollution in the Upper West Fork White River watershed is 
occurring through both point and non-point sources. Point sources include tile drains upstream 
from the site and outfalls in the urban areas (IDEM 2011; Muncie Bureau of Water Quality 
2013). Of particular concern, nutrient concentrations measured in this study frequently exceeded 
water quality standards even during dry weather periods, which indicate that excessive nutrients 
are a continuous problem in the waterway. This nutrient enrichment can affect downstream 
aquatic systems and contribute to nutrient enrichment in the Mississippi River and the Gulf of 
Mexico (Burkart and James 1999). To reduce point and non-point sources of nutrients, 
management strategies such as bank stabilization, improved riparian corridors, and no-till 
agriculture must be implemented to reduce the pollution and associated adverse effects in this 
watershed (Howarth 2008; Mitsch et al 2001).  
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CHAPTER 4: ADDITIONAL RESEARCH RESULTS 
 
4.1 Introduction 
 
  The following section provides additional information on data analyses that were not 
presented in the technical paper (Chapter 3). In this chapter, box plots and chronological 
sequence graphs were used to define additional characteristics of the measured parameters. Box 
plots have the ability to display a full data set without needing parametric assumptions of 
normality (Characklis and Wiesner 1997). Therefore, box plots were utilized to identify outliers 
(defined as asterisks) and to also serve as a nonparametric method of data display due to the 
number of storms sampled and the inherent variability in storm data (Characklis and Wiesner 
1997). Furthermore, the graphs portraying a chronological sequence of a water quality 
parameters as a function of river discharge is utilized here to illustrate how concentrations may 
be different on the rising and falling limbs of a hydrograph and that a given discharge can cause 
different loads depending on the stage of a hydrograph (Anderson and Rounds 2003). Finally, the 
Anderson monitoring site is discussed briefly at the end of the chapter although in less detail 
compared to the analysis of the Muncie site due to increased logistical issues to collect storm 
samples at two sites concurrently when monitoring one storm event as well as equipment failure 
that occurred. 
4.2 Additional Water Quality Results 
4.2.1 Total Suspended Solids 
Typically, a loop pattern occurs when the chronological sequence of sediment 
concentrations is portrayed as a function of discharge and TSS concentrations and discharge rise 
and fall at the same rates (Dunne and Leopold 1978). Storms 2 and 4 created a looping pattern 
while storms 1 and 3 did not create defined loops (Fig. 4.1). During storm 4, a flush of TSS  
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occurred initially since TSS concentrations were lower at the end of the storm (65.3 mg/L initial, 
28 mg/L ending). A weak loop pattern was observed in storm 3 though the TSS concentrations 
went down momentarily during the storm event due to discharge peaking twice yielding more 
TSS (Fig. 4.1).  
.  
Figure 4.1 Relation of total suspended solid concentrations (TSS) with discharge during the 
four storms. Arrows indicate the chronological sequence of sampling, with the loops illustrating 
that a given discharge can produce different TSS concentrations depending on the stage of the 
hydrograph. 
 
A TSS clockwise loop pattern, which was observed for storms 2 and 4, sometimes 
suggests that sediment delivery is limited by available supplies (Richards 1982; Ferguson 1987; 
Knighton 1998), and that the sediment is more likely from sources near the stream, which may 
include deposited material already present within the streambed, bank erosion, small tributary 
contribution, or immediate channel margins (Anderson and Rounds 2003; Richards 1982). This 
idea is more applicable in unimpacted streams while the section of the White River that runs 
through Muncie is more characteristic of an urban stream that has upland impervious surfaces 
and bank modification. Although storms 1 and 2 do not make defined looping patterns, the low 
precipitation as well as low discharge could have made it difficult for any type of pattern to be 
established. However, the looping patterns from storms 3 and 4 suggest that TSS is from nearby 
sources. Due to the nature of this study, data are not available to conclusively identify the 
different sources of TSS within the basin. Existing storm drains and combined sewer outfalls that  
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discharge to the river could be altering normal sediment delivery routes by bringing sediment 
from upland sources more quickly than would otherwise occur (Paul and Meyer 2001). This 
could skew the data and must be taken into consideration when interpreting the data.  
4.2.2 Phosphorus 
4.2.2.1 Phosphate 
A boxplot indicated that phosphate concentrations during storms 3 and 4 had similar 
ranges and were higher than baseline measurements (Fig. 4.2). This was due to storm events 
bringing in additional phosphate (Correll et al. 1999; Hansen et al. 2002; Martin and Craig 
1990). Outliers were defined in storm 3 and baseline data, which is indicated as asterisks in Fig. 
4.15. When the chronological sequence of phosphorus concentrations is portrayed as a function 
of discharge, a looping pattern does not occur for storms 3 and 4 (Fig. 4.3). This is due to the lag 
time between increased phosphate concentrations and discharge peaks. While there was no 
correlation between phosphate and discharge, this is not an uncommon occurrence due to 
dilution of phosphate during storm events (Anderson and Rounds 2003). Green and Haggard 
(2001) found a negative correlation between phosphate concentrations and discharge due to 
dilution.  
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Figure 4.2 Boxplot of phosphate measurements for storms 3 and 4 and baseline data 
measured between May and October 2012. Outliers are shown as asterisks.  
 
 
Figure 4.3 Relation of phosphate and discharge during storm 3 (September 7-12, 2012) and 
storm 4 (October 17-23, 2012). Arrows indicate the chronological sequence of sampling, with 
the loops illustrating that a given discharge can produce different phosphate concentrations 
depending on the stage of the hydrograph. 
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4.2.2.2 Total Phosphorus 
Storms 1 and 2 had similar ranges of TP concentrations while storms 3 and 4 had similar 
ranges (Fig. 4.4). The baseline data, except for a few outliers, had lower TP concentrations 
compared to the storms (Fig. 4.4). The range of TP concentrations for storms 3 and 4 was greater 
compared to storms 1 and 2 due to higher precipitation amounts for storms 3 and 4 that caused 
more runoff and higher phosphorus loads (Figure 4.4) (Correll et al. 1999; Martin and Craig 
1990). Storm 1 did not have a distinct TP-discharge looping pattern (Fig. 4.5) which could be 
due to the rising limb not being recorded and overall water discharge was lower. The pattern for 
storm 2, a summer storm, was similar to storm 4 where a clockwise looping pattern could be 
seen and TP concentrations did not peak until after discharge had peaked (Fig. 4.5). Storm 3 did 
not create a looping pattern due to two discharge peaks that occurred during the storm. Further 
examination of the TP-discharge relationship reveals that the behavior of TSS and TP was 
similar during storm 4 and had similar clockwise looping patterns suggesting similar nearby 
sources of the two parameters (Fig. 4.5) (Anderson and Rounds 2003). 
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Figure 4.4 Boxplot of total phosphorus measurements for each storm and baseline data 
from May to October 2012. Outliers are shown as asterisks. 
 
 
Figure 4.5 Relation of total phosphorus (TP) and discharge during the four storms. Arrows 
indicate the chronological sequence of sampling, with the loops illustrating that a given 
discharge can produce different TP concentrations depending on the stage of the hydrograph. 
 
4.2.3 Nitrogen 
4.2.3.1 Nitrite 
  The fate of nitrite was different between the monitored storms and the baseline data (Fig. 
4.6). Storm 3 had the widest range of concentrations while nitrite was not detected during storm  
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4, and baseline data had a small range except for the defined outliers (Fig. 4.6). When plotting 
nitrite concentrations against discharge, there was no defined loop pattern for storm 3. For storm 
4, nitrite concentrations stayed at undetectable levels throughout the storm. Thus, nitrite is likely 
not influenced by storm events or is being diluted (Anderson and Rounds 2003). 
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Figure 4.6 Boxplot of nitrite concentrations for storms 3, 4 and baseline data from May to 
October 2012. Outliers are shown as asterisks. 
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Figure 4.7 Relation of nitrite and discharge during storm 3 (September 7-12, 2012). Arrows 
indicate the chronological sequence of sampling, with the loops illustrating that a given 
discharge can produce different phosphate concentrations depending on the stage of the 
hydrograph. 
 
4.2.3.2 Nitrate 
Concentrations of nitrate varied widely between storm 3, storm 4, and baseline data (Fig. 
4.8). Overall, storm 4 had higher concentrations than storm 3 and baseline data had a larger 
range relative to the two storms. More dilution may have occurred during storm 3 which had 
higher precipitation than storm 4 and may have decreased nitrate concentrations (Martin and 
Craig 1990). No outliers were identified for nitrate observations during the sampling period. The 
examination of chronological sequence show that storm 3 did not create a nitrate-discharge 
looping pattern due to the two discharge peaks that occurred during the storm (Fig. 4.9). Storm 4 
exhibited a weak looping pattern but it was not well defined due to a low rate of decrease in 
nitrate concentrations compared to the discharge decrease following the precipitation event. The  
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lack of a looping pattern suggests that while discharge and nitrate may be positively correlated 
with one another, rise and fall rates are different (Anderson and Rounds 2003).   
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Figure 4.8 Boxplot of nitrate measurements for storms 3 and 4 and baseline data from May 
to October 2012. Outliers are shown as asterisks. 
 
 
Figure 4.9 Relation of nitrate with discharge during storm 3 (September 7-12, 2012) and 
storm 4 (October 17-23, 2012). Arrows indicate the chronological sequence of sampling, with 
the loops illustrating that a given discharge can produce different phosphate concentrations 
depending on the stage of the hydrograph.  
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4.2.3.3 Total Nitrogen 
The range of TN concentrations found during the storms and the baseline data were 
similar (Fig. 4.10). However, the baseline concentrations had a greater range of concentrations 
relative to storm samples. A few outliers were identified in storm 4 and the baseline data which 
may have skewed statistical tests (Fig. 4.10). When TN was portrayed as a function of discharge, 
no defined looping pattern was observed for any of the monitored storms due to TN 
concentrations decreasing at different rates than the river discharge (Fig. 4.11). Usually TN 
concentrations are flushed from the river system during a storm event (Brown et al. 1999; Zhang 
2007), but TN concentrations decreased at a slower rate than discharge after reaching maximum 
level. 
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Figure 4.10 Boxplot of total nitrogen measurements for each storm and baseline data from 
May to October 2012. Outliers are shown as asterisks. 
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Figure 4.11 Relation of total nitrogen and discharge during all the storms. Arrows indicate 
the chronological sequence of sampling, with the loops illustrating that a given discharge can 
produce different phosphate concentrations depending on the stage of the hydrograph. 
 
4.2.4 Other Water Quality Parameters 
Other water quality parameters such as dissolved oxygen, fluoride, chloride, bromide, 
sulfate, pH, water temperature, and conductivity were measured during the study to provide 
additional supporting information. Dissolved oxygen was not correlated with any other 
constituents (Table 4.1). This may have been due to dissolved oxygen levels being influenced by 
water flowing into the stream, water drops hitting the surface of the river, wind, uptake by living 
organisms, aerobic respiration and other factors that would affect dissolved oxygen levels (Kelly 
et al. 1999; Miranda and Hodges 2000). There were a few occurrences (July 4
th, September 5
th) 
during which dissolved oxygen concentrations were lower than 3.00 mg/L. When dissolved 
oxygen levels are lower than 2 - 4 mg/L, hypoxic conditions can occur (Scavia et al. 2003) and it 
is possible that organisms living in the water may not have enough oxygen to survive (Miranda 
and Hodges 2000).    
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Table 4.1 Correlations for selected water-quality constituents in Whiter River, Indiana, 
May to October 2012. 
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Fluoride was positively correlated with sulfate (p<0.05) and water temperature (p<0.05), 
and negatively correlated with nitrate (p<0.01), turbidity (p<0.06), and discharge (p<0.05,) 
(Table 4.1). The negative correlation with turbidity and discharge suggests that fluoride is diluted 
when storm events occur. The range for fluoride was from 0.00 mg/L to 0.2408 mg/L with a 
mean of 0.158 mg/L and a median of 0.186 mg/L (Tables B4, C21-22, D1). These concentration 
levels are acceptable since fluoride is not regulated in surface waters and the maximum 
contaminant level goal for drinking water is 4.0 mg/L (US EPA 2010). Chloride was positively 
correlated with conductivity (p<0.01) and sulfate (p<0.05), and negatively correlated (p<0.01) 
with phosphate and nitrite (Table 4.1). Chloride concentrations ranged from below detection to 
68.88 mg/L with a mean of 36.61 mg/L and a median of 35.38 mg/L (Appendices B-D, Tables 
B4, C21-22, D1). The national recommended surface water level by US EPA for chloride is 230 
mg/L which was never exceeded in this study indicating that chloride is not a water quality 
concern (US EPA 2012). Bromide was negatively correlated with TP (p<0.05) while sulfate was 
positively correlated with fluoride (p<0.05) and chloride (p<0.05) and negatively correlated with 
TP (p<0.05), turbidity (p<0.01) and discharge (p<0.01) (Table 4.1). The negative correlations 
with turbidity and discharge indicate that chloride is being diluted during storm events 
(Anderson and Rounds 2003). 
pH was positively correlated with water temperature (p<0.01) and negatively correlated 
with nitrate (p<0.01), TSS (p<0.01), and discharge (p<0.01) (Table 4.1). During the sampling 
period, pH ranged from 6.63 to 8.47 with a mean of 7.86 and a median of 7.99 (Appendices B-D, 
Tables B5, C15-16, D1). The levels for pH were at acceptable levels for surface waters (6.5 - 9) 
which indicate no pH water quality issues (US EPA 2012). Conductivity was positively 
correlated with sulfate (p<0.01) and chloride (p<0.01) and negatively correlated with turbidity  
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(p<0.01) (Table 4.1). Sulfate and chloride can be ionic compounds which are measured in 
conductivity, hence the positive correlation (Dodds 2002).  
4.2.5 Anderson Results 
    The Anderson sampling site was downstream of the Muncie sampling site. This 
downstream site had higher discharge but a lower stage average compared to Muncie site (Table 
4.2). This difference was due to differences in river structure between the two sites. Also, the 
Anderson site has a larger drainage area than the Muncie site resulting in higher discharge levels 
during storm events (Frey et al. 2007). Even though the Anderson site has a larger drainage area, 
TSS and turbidity average concentrations were similar between the two sites. This would 
indicate that the effects of storm events are about the same for the two sites but nutrient levels, 
except for nitrite, were higher at the downstream Anderson site indicating otherwise (Table 4.2). 
By being downstream, more nutrients are able to enter and gather in the waterway during storm 
events (Carpenter et al. 1998). The average TSS concentrations was 32.0 mg/L which was 
slightly higher than the Indiana Department of Environmental Management (IDEM) target TSS 
level for surface waters of 30 mg/L (Brown et al. 2007). For nutrients, phosphate, TP, and TN 
averages were above US EPA recommended levels for flowing waters for ecoregion VI (0.076 
mg/L for phosphate and TP; 2.18 mg/L for TN) (US EPA 2012) while nitrate and nitrite averages 
were below the maximum contaminant levels for surface waters set by the Clean Water Act 
(Indiana General Assembly 2012; US EPA 2009). The high concentrations of phosphate, TP, and 
TN could cause water degradation and ecological issues therefore it is recommended that 
nutrient concentrations be reduced (Carpenter et al. 1998; Kalff 2002; Smith et al. 1999). 
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Table 4.2 Descriptive statistics for the parameters during 2012 at the Anderson and Muncie 
site.  
Parameter Unit n Mean Median Parameter Unit n Mean Median
Total Nitrogen (TN) mg/L 13 4.18 4.30 Total Nitrogen (TN) mg/L 63 3.28 3.13
Total Phosphorus (TP) mg/L 13 1.16 1.07 Total Phosphorus (TP) mg/L 63 0.65 0.61
Fluoride mg/L 7 0.24 0.24 Fluoride mg/L 30 0.16 0.19
Chloride mg/L 7 73.71 74.04 Chloride mg/L 29 36.61 35.38
Nitrite mg/L 7 0.00 0.00 Nitrite mg/L 30 0.00 0.00
Bromide mg/L 7 0.01 0.01 Bromide mg/L 30 0.01 0.01
Nitrate mg/L 7 5.16 4.07 Nitrate mg/L 30 1.61 1.03
Phosphate mg/L 7 0.65 0.63 Phosphate mg/L 30 0.21 0.17
Sulfate mg/L 7 145.24 147.52 Sulfate mg/L 30 50.53 52.01
Total Suspended Solids (TSS) mg/L 13 32.00 19.30 Total Suspended Solids (TSS) mg/L 63 29.57 20.00
Discharge cfs 13 197.00 162.00 Discharge cfs 63 88.54 43.00
Stage ft 13 2.53 2.31 Stage ft 63 4.17 4.09
Dissolved Oxygen mg/L 13 9.43 9.90 Dissolved Oxygen mg/L 26 9.73 11.04
pH 13 7.84 8.02 pH 60 7.86 7.99
Conductivity μS/cm 13 840.15 880.90 Conductivity μS/cm 60 585.47 603.95
Turbidity NTU 13 11.95 9.20 Turbidity NTU 63 19.72 14.50
All Anderson Measurements All Muncie Measurements
 
Fluoride, chloride, and sulfate were higher at the Anderson site than the Muncie site 
while bromide concentrations were comparable between sites (Table 4.2). Since the Anderson 
site is downstream of Muncie, these constituents occur at higher concentrations due to a larger 
input area (Martin et al. 1996). For fluoride, the concentrations at the Anderson site are 
acceptable since fluoride is not regulated in surface waters and the maximum contaminant level 
goal for drinking water is 4.0 mg/L (US EPA 2010). The national recommended surface water 
level by US EPA for chloride is 230 mg/L which was never exceeded in this study indicating that 
chloride is not a water quality concern as well (US EPA 2012.). 
Dissolved oxygen concentrations ranged from 2.26 mg/L to 13.25 mg/L with an average 
of 9.43 mg/L (Appendix B, Table B5). Dissolved oxygen concentration averages were 
comparable between the Anderson (9.43 mg/L) and Muncie (9.73 mg/L) sites (Table 4.2). The 
dissolved oxygen concentrations at the Anderson site are acceptable; however, there were a few 
occasions where dissolved oxygen concentrations were below 4.0 mg/L (Appendix B, Table B5). 
When dissolved oxygen concentrations are lower than 2 - 4 mg/L, hypoxia conditions can occur  
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which can cause death of aquatic organisms (Miranda and Hodges 2000; Scavia et al. 2003). The 
average pH at the Anderson site was 7.84 which was comparable to the Muncie site (Table 4.2). 
This average is within acceptable level of pH for surface waters (6.5 - 9) which indicate no pH 
water quality issues (US EPA 2012). Conductivity measurements ranged between 330.0 -1185.0 
µS/cm with measurements increasing as the season progressed (Appendix B, Table B5). Overall, 
conductivity was higher at the Anderson site compared to the Muncie site most likely due to 
Anderson being downstream of the Muncie site (Table 4.2). Turbidity averages were comparable 
between the Anderson (11.95 NTU) and Muncie (19.72 NTU) sites (Table 4.2). Turbidity 
probably depended on precipitation events which would stir up material in the river and bring in 
material from the surrounding lands (Dodds 2002).  
4.3 General Conclusions  
It is suggested that the input of all the nutrients, except for nitrite, during storm events 
come from similar sources. Nutrient input probably consisted of dissolved nutrients arising from 
either groundwater, the stream bed, nearby urban sources, or upland agriculture sources. Nutrient 
pollution in the Upper West Fork White River watershed is occurring through both point and 
non-point sources. Point sources include tile drains upstream from the site and outfalls in the 
urban areas (Muncie Bureau of Water Quality 2013). The biggest concern with these data is that 
water quality standards for nutrients were frequently exceeded even during dry weather 
conditions, which indicates that excessive nutrients are a continuous problem in the waterway. 
These nutrients affect downstream aquatic systems and can contribute to nutrient enrichment in 
the Mississippi River and the Gulf of Mexico (Burkart and James 1999). To reduce the high level 
of nutrients found in the river and to reduce point and non-point pollutants, management 
strategies such as bank stabilization, improved riparian corridors, as well as nutrient management  
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must be implemented (Mitsch et al 2001). Nutrient concentrations, except for nitrite, were 
influenced by storm events, as evident by higher nutrient concentrations during most wet 
sampling events. For all of the nutrients measured, except for nitrite, concentrations increased 
during the storm 19.7 - 1,092 percent. In addition, the increased nutrient concentrations during 
storms declined at a slower rate relative to discharge. The amount of precipitation that occurred 
during a storm also influenced nutrients and other water quality parameters in the White River 
which was consistent with a previous study (Correll et al. 1999). 
4.4 Future Recommendations 
    The results of this study suggest that research is needed to identify the sources of 
nutrient input into the river from the surrounding watershed. Any indication that a large 
proportion of human waste is being discharged into the river could provide evidence that failing 
septic systems are adding nutrients into the river. Combined sewer overflows and storm drains 
could be cataloged and monitored to determine their impact upon the water quality in the 
watershed. Non-point source pollution management strategies must try to reduce nitrogen and 
phosphorus levels since both of these nutrients are at high levels in the river. Increasing the 
width of current riparian zones and establishing new ones would reduce the amount of dissolved 
and particulate contaminants along with nutrients discharged into the river. Bank stability 
projects such as planting vegetation could greatly reduce erosion rates. In addition, education on 
the impacts of excessive fertilizer use and failing septic systems to local residents could further 
protect the watershed. It would be best if the public and local government were taught about the 
importance of protecting the integrity of the water and how nutrient pollution could affect the 
surrounding communities.  
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APPENDIX A: Precipitation, Discharge, and Mass Loads 
 
Table A1. Storm sampling sites in White River, Indiana, 2012. 
 
Site Name 
USGS site 
ID  Latitude  Longitude 
Drainage area 
(mi
2) 
White River at Muncie  3347000 
40N 12' 
15" 
85W 23' 
14"  241 
White River at Anderson  334800 
40N 06' 
38" 
85W 42' 
39"  519 
 
Table A2. Storm dates and number of samples at Muncie site in the White River drainage basin, 
Indiana. 
 
Storm No.  Date 
Number 
of 
Samples 
Peak 
discharge 
sampled 
(ft³/s) 
Peak 
storm 
discharge 
(ft³/s) 
Approximate 
storm 
precipitation 
(in) 
1 (spring)  June 29-30, 2012  12  45  45  0.94 
2 (summer)  July 14-15, 2012  9  38  38  1.19 
3 (summer)  September 7-11, 
2012  10  288  292  2.58 
4 (fall)  October 17-22, 
2012  9  288  288  1.33 
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Table A3. 2012 daily measured precipitation totals for NOAA Delaware County Johnson Field 
Airport, Muncie, Indiana. T = trace amounts. 
 
2012 Daily Precipitation Total (in) 
Day  May  Jun  Jul  Aug  Sep  Oct 
1  0.91  0.01  0.04  0.00  0.20  0.27 
2  0.00  T  0.00  0.00  0.53  0.49 
3  0.00  0.00  0.00  0.00  0.01  0.01 
4  0.10  0.00  0.00  0.13  0.34  0.00 
5  0.00  0.01  0.00  0.06  0.03  1.18 
6  0.00  0.00  0.00  0.00  T  0.00 
7  1.41  0.00  0.00  0.00  2.20  0.00 
8  0.06  0.00  T  0.17  0.38  0.00 
9  T  0.00  0.00  1.35  T  0.00 
10  0.00  0.00  0.00  0.06  0.00  T 
11  0.00  0.67  0.00  0.00  0.00  0.00 
12  0.00  0.00  0.00  0.00  0.00  T 
13  0.00  0.00  0.00  0.00  0.00  0.06 
14  0.00  0.00  1.19  0.14  0.04  0.19 
15  0.00  0.00  T  0.00  0.00  0.03 
16  0.00  0.00  0.00  0.43  0.00  0.00 
17  0.00  0.00  T  0.16  0.18  0.41 
18  0.00  0.00  0.16  0.00  0.08  0.69 
19  0.00  0.00  0.06  0.00  0.00  0.23 
20  0.00  0.00  0.02s  0.19  0.00  T 
21  T  0.01  0.00  0.01s  0.60  0.00 
22  0.00  0.00  0.00  0.00  T  T 
23  0.00  0.00  0.00s  0.00  0.00  0.89 
24  0.00  0.00  0.47  0.00  0.00  0.00s 
25  T  0.00  0.00  0.00  0.18  0.00 
26  0.00  0.00  0.00  0.00  0.65  0.13 
27  0.00  0.00  T  0.40  0.22  0.00 
28  0.00  0.00  0.00  0.00  0.00  0.00 
29  0.67  0.78  0.00  0.00  0.00  0.00 
30  0.00  0.16  0.00  0.00  0.00  0.43 
31  0.16     T  T     0.08 
 
Note: Shaded cells indicate dates sampled for water quality parameters. 
Source: National Oceanic and Atmospheric Association [NOAA]. 2012. National Climatic Data 
Center. [Online]. Available at http://cdo.ncdc.noaa.gov/qclcd/QCLCD?prior=N (Verified 10 
March 2013). 
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APPENDIX B: Baseline Raw Data 
 
Table B1. Total nitrogen baseline measurements during the 2012 monitoring period. 1-3 are the 
three samples tested. STD CHK = Standard Check. RPD = relative percent difference. % REC = 
Percent recovery. N/A = below detection limit. 
 
Total Nitrogen (mg/L) 
Calendar 
Date 
Site 
Location  1  2  3 
STD 
CHK  STD CHK 
Blan
k 
Field 
Blank 
Field 
Blank 
Mea
n  RPD 
% 
REC 
5/30/2012  Anderson  5.5  5.5  5.5  10.8  10.8  0.00  0.00  0.00  5.50  0.00  108.00 
5/30/2012  Muncie  8.7  8.3  8.6  10.8  10.8  0.00  0.00  0.00  8.53  4.69  108.00 
6/6/2012  Muncie  3.1  2.6  2.8  10.3  10.2  0.00  0.00  0.00  2.83  17.6
5  102.50 
6/6/2012  Anderson  2.6  2.2  2.3  10.3  10.2  0.00  0.00  0.00  2.37  16.9
0  102.50 
6/13/2012  Muncie  3.4  2.8  3.1  10.0  9.8  0.00  0.00  0.00  3.10  19.3
5  99.00 
6/13/2012  Anderson  4.4  4.2  4.3  10.0  9.8  0.00  0.00  0.00  4.30  4.65  99.00 
6/20/2012  Muncie  3.6  3.1  3.5  10.7  10.7  0.00  0.03  0.00  3.40  14.7
1  107.00 
6/27/2012  Muncie  2.2  2.0  2.1  10.8  10.9  0.00  0.00  0.00  2.10  9.52  108.50 
6/27/2012  Anderson  4.7  4.3  4.4  10.8  10.9  0.00  0.00  0.00  4.47  8.96  108.50 
7/4/2012  Muncie  3.0  2.7  2.8  11.0  N/A  0.00  0.00  0.00  2.83  10.5
9  110.00 
7/11/2012  Muncie  0.4  0.4  0.4  9.2  9.6  0.00  0.00  0.00  0.40  0.00  94.00 
7/11/2012  Anderson  2.8  2.7  2.7  9.2  9.6  0.00  0.00  0.00  2.73  3.66  94.00 
7/18/2012  Muncie  2.6  2.3  2.4  10.4  N/A  0.00  0.05  0.00  2.43  12.3
3  104.00 
7/25/2012  Muncie  2.8  2.6  2.8  10.6  10.4  0.00  0.00  0.06  2.73  7.32  105.00 
7/25/2012  Anderson  4.8  4.6  4.7  10.6  10.4  0.00  0.00  0.06  4.70  4.26  105.00 
8/1/2012  Muncie  1.1  1.0  1.0  9.6  N/A  0.00  0.03  0.00  1.03  9.68  96.00 
8/8/2012  Muncie  2.9  2.7  2.8  10.1  10.7  0.00  0.00  0.00  2.80  7.14  104.00 
8/8/2012  Anderson  3.8  3.8  3.8  10.1  10.7  0.00  0.00  0.00  3.80  0.00  104.00 
8/15/2012  Muncie  4.4  4.1  4.2  10.8  N/A  0.00  0.02  0.00  4.23  7.09  108.00 
8/22/2012  Muncie  3.6  3.3  3.5  10.8  10.2  0.00  0.00  0.00  3.47  8.65  105.00 
8/22/2012  Anderson  4.6  4.4  4.6  10.8  10.2  0.00  0.00  0.00  4.53  4.41  105.00 
8/29/2012  Muncie  2.5  2.3  2.4  10.3  N/A  0.00  0.00  0.00  2.40  8.33  103.00 
9/5/2012  Muncie  2.8  2.6  2.7  10.0  9.7  0.00  0.00  0.00  2.70  7.41  98.50 
9/5/2012  Anderson  3.5  3.2  3.3  10.0  9.7  0.00  0.00  0.00  3.33  9.00  98.50 
9/12/2012  Muncie  3.7  3.3  3.5  11.0  N/A  0.00  0.01  0.00  3.50  11.4
3  110.00 
9/19/2012  Muncie  2.8  2.5  2.5  10.0  9.4  0.00  0.00  0.04  2.60  11.5
4  97.00 
9/19/2012  Anderson  3.7  3.5  3.6  10.0  9.4  0.00  0.00  0.04  3.60  5.56  97.00 
9/26/2012  Muncie  5.4  4.9  5.1  10.7  N/A  0.00  0.00  0.00  5.13  9.74  107.00 
10/3/2012  Muncie  5.7  5.1  5.3  10.8  10.8  0.00  0.00  0.00  5.37  11.1
8  108.00 
10/3/2012  Anderson  6.3  5.3  5.6  10.8  10.8  0.00  0.00  0.00  5.73  17.4
4  108.00 
10/10/2012  Muncie  5.3  5.0  5.1  10.0  N/A  0.00  0.06  0.00  5.13  5.84  100.00 
10/17/2012  Muncie  2.8  2.5  2.7  10.1  9.1  0.00  0.00  0.00  2.67  11.2 96.00  
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10/17/2012  Anderson  5.9  5.4  5.6  10.1  9.1  0.00  0.00  0.00  5.63  8.88  96.00 
10/24/2012  Muncie  8.1  7.6  7.9  10.5  N/A  0.00  0.07  0.00  7.87  6.36  105.00 
10/31/2012  Muncie  3.6  3.3  3.6  9.6  10.3  0.00  0.00  0.00  3.50  8.57  99.50 
10/31/2012  Anderson  3.6  3.1  3.5  9.6  10.3  0.00  0.00  0.00  3.40  14.7
1  99.50 
 
Table B2. Total phosphorus baseline measurements during the 2012 monitoring period. 1-3 are 
the three samples tested. STD CHK = Standard Check. RPD = relative percent difference. % 
REC = Percent recovery. N/A = below detection limit. 
Total Phosphorus (mg/L) 
Calendar 
Date 
Site 
Location  1  2  3 
STD 
CHK 
STD 
CHK  Blank 
Field 
Blank 
Field 
Blank  Mean 
RP
D 
% 
Rec 
5/30/201
2 
Anderso
n  1.08  1.06  1.07  0.95  1.00  0.00  0.00  0.00  1.07 
1.8
7 
97.5
0 
5/30/201
2  Muncie  1.26  1.19  1.20  0.95  1.00  0.00  0.00  0.00  1.22 
5.7
5 
105.
50 
6/6/2012  Muncie  0.53  0.49  0.51  1.09  1.08  0.01  0.07  0.02  0.51 
7.8
4 
108.
50 
6/6/2012  Anderso
n  0.71  0.69  0.69  1.09  1.08  0.01  0.07  0.02  0.70 
2.8
7 
108.
50 
6/13/201
2  Muncie  0.50  0.43  0.49  1.09  1.02  0.00  0.00  0.02  0.47 
14.
79 
105.
50 
6/13/201
2 
Anderso
n  0.78  0.75  0.77  1.09  1.02  0.00  0.00  0.02  0.77 
3.9
1 
105.
50 
6/20/201
2  Muncie  0.55  0.50  0.51  1.01  N/A  0.00  0.04  0.00  0.52 
9.6
2 
101.
00 
6/27/201
2  Muncie  0.44  0.42  0.42  1.04  1.08  0.00  0.00  0.02  0.43 
4.6
9 
106.
00 
6/27/201
2 
Anderso
n  1.06  1.03  1.05  1.04  1.08  0.00  0.00  0.02  1.05 
2.8
7 
106.
00 
7/4/2012  Muncie  0.38  0.32  0.37  0.93  N/A  0.00  0.00  0.00  0.36 
16.
82 
93.0
0 
7/11/201
2  Muncie  0.61  0.52  0.58  1.10  0.97  0.00  0.00  0.04  0.57 
15.
79 
103.
50 
7/11/201
2 
Anderso
n  1.46  1.42  1.42  1.10  0.97  0.00  0.00  0.04  1.43 
2.7
9 
103.
50 
7/18/201
2  Muncie  0.67  0.57  0.63  0.96  N/A  0.00  0.00  0.06  0.62 
16.
04 
96.0
0 
7/25/201
2  Muncie  0.55  0.48  0.48  1.08  1.10  0.00  0.04  0.07  0.50 
13.
91 
109.
00 
7/25/201
2 
Anderso
n  1.10  0.97  0.97  1.08  1.10  0.00  0.04  0.07  1.01 
12.
83 
109.
00 
8/1/2012  Muncie  0.58  0.51  0.56  1.08  N/A  0.00  0.06  0.00  0.55 
12.
73 
108.
00 
8/8/2012  Muncie  0.55  0.52  0.52  1.03  0.95  0.00  0.03  0.00  0.53 
5.6
6 
99.0
0 
8/8/2012  Anderso
n  0.79  0.77  0.78  1.03  0.95  0.00  0.03  0.00  0.78 
2.5
6 
99.0
0 
8/15/201
2  Muncie  0.78  0.73  0.75  0.90  N/A  0.00  0.02  0.00  0.75 
6.6
4 
90.0
0 
8/22/201
2  Muncie  0.25  0.23  0.25  0.99  0.92  0.00  0.00  0.02  0.24 
8.2
2 
95.5
0 
8/22/201
2 
Anderso
n  1.12  1.11  1.12  0.99  0.92  0.00  0.00  0.02  1.12 
0.9
0 
95.5
0 
8/29/201
2  Muncie  0.38  0.36  0.37  1.09  N/A  0.00  0.03  0.00  0.37 
5.4
1 
109.
00  
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9/5/2012  Muncie  0.35  0.30  0.31  0.93  0.95  0.00  0.02  0.05  0.32 
15.
63 
94.0
0 
9/5/2012  Anderso
n  1.39  1.30  1.31  0.93  0.95  0.00  0.02  0.05  1.33 
6.7
5 
94.0
0 
9/12/201
2  Muncie  0.51  0.50  0.52  0.93  N/A  0.00  0.00  0.00  0.51 
1.9
6 
93.0
0 
9/19/201
2  Muncie  0.40  0.38  0.40  1.03  1.00  0.00  0.00  0.09  0.39 
5.0
8 
101.
50 
9/19/201
2 
Anderso
n  1.35  1.32  1.34  1.03  1.00  0.00  0.00  0.09  1.34 
2.2
4 
101.
50 
9/26/201
2  Muncie  0.31  0.27  0.28  0.90  N/A  0.00  0.00  0.00  0.29 
13.
95 
90.0
0 
10/3/201
2  Muncie  0.61  0.56  0.57  0.94  0.95  0.00  0.02  0.00  0.58 
8.6
2 
94.5
0 
10/3/201
2 
Anderso
n  1.78  1.59  1.69  0.94  0.95  0.00  0.02  0.00  1.69 
11.
26 
94.5
0 
10/10/20
12  Muncie  0.56  0.52  0.54  0.97  N/A  0.00  0.02  0.00  0.54 
7.4
1 
97.0
0 
10/17/20
12  Muncie  0.48  0.44  0.44  0.97  0.92  0.04  0.04  0.10  0.45 
8.8
2 
94.5
0 
10/17/20
12 
Anderso
n  2.48  2.28  2.43  0.97  0.92  0.04  0.04  0.10  2.40 
8.3
4 
94.5
0 
10/24/20
12  Muncie  1.78  1.71  1.73  0.95  N/A  0.00  0.08  0.00  1.74 
4.0
2 
95.0
0 
10/31/20
12  Muncie  0.73  0.68  0.72  0.90  0.90  0.00  0.00  0.00  0.71 
7.0
4 
90.0
0 
10/31/20
12 
Anderso
n  0.48  0.47  0.48  0.90  0.90  0.00  0.00  0.00  0.48 
2.1
0 
90.0
0 
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Table B3. Total suspended solids baseline measurements during the 2012 monitoring period. 1-3 
are the three samples tested. STD CHK = Standard Check. RPD = relative percent difference. % 
REC = Percent recovery. 
Total Suspended Solids (mg/L) 
Calendar Date  Site Location  1  2  3  Mean  RPD 
5/30/2012  Anderson  63  57  59  59.67  10.06 
5/30/2012  Muncie  99  88  99  95.33  11.54 
6/6/2012  Muncie  6  4  5  5.00  40.00 
6/6/2012  Anderson  4  4  4  4.00  0.00 
6/13/2012  Muncie  106  96  98  100.00  10.00 
6/13/2012  Anderson  107  100  102  103.00  6.80 
6/20/2012  Muncie  20  17  18  18.33  16.36 
6/27/2012  Muncie  21  18  19  19.33  15.52 
6/27/2012  Anderson  6  4  4  4.67  42.86 
7/4/2012  Muncie  22  18  20  20.00  20.00 
7/11/2012  Muncie  21  19  20  20.00  10.00 
7/11/2012  Anderson  21  18  21  20.00  15.00 
7/18/2012  Muncie  28  24  26  26.00  15.38 
7/25/2012  Muncie  33  28  29  30.00  16.67 
7/25/2012  Anderson  46  42  45  44.33  9.02 
8/1/2012  Muncie  31  27  27  28.33  14.12 
8/8/2012  Muncie  39  38  38  38.33  2.61 
8/8/2012  Anderson  30  26  27  27.67  14.46 
8/15/2012  Muncie  18  17  15  16.67  6.00 
8/22/2012  Muncie  17  15  16  16.00  12.50 
8/22/2012  Anderson  20  18  20  19.33  10.34 
8/29/2012  Muncie  6  5  6  5.67  17.65 
9/5/2012  Muncie  16  14  14  14.67  13.64 
9/5/2012  Anderson  12  10  11  11.00  18.18 
9/12/2012  Muncie  29  25  27  27.00  14.81 
9/19/2012  Muncie  21  18  19  19.33  15.52 
9/19/2012  Anderson  12  10  11  11.00  18.18 
9/26/2012  Muncie  36  34  34  34.67  5.77 
10/3/2012  Muncie  18  16  16  16.67  12.00 
10/3/2012  Anderson  37  35  36  36.00  5.56 
10/10/2012  Muncie  17  15  16  16.00  12.50 
10/17/2012  Muncie  67  64  65  65.33  4.59 
10/17/2012  Anderson  78  74  77  76.33  5.24 
10/24/2012  Muncie  122  112  120  118.00  8.47 
10/31/2012  Muncie  20  18  20  19.33  10.34 
10/31/2012  Anderson  18  16  16  16.67  12.00 
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Table B4. Ion chromatography baseline measurements during the 2012 monitoring period. bd = 
below detection. 
 
IC Analysis 
Calendar 
Date 
Site 
Location 
Fluorid
e 
(mg/L) 
Chloride 
(mg/L) 
Nitrite 
(mg/L) 
Bromide 
(mg/L) 
Nitrate 
(mg/L) 
Phosphate 
(mg/L) 
Sulfate 
(mg/L) 
8/8/2012  Muncie  0.2074  37.5830  bd  0.0029  0.0134  0.1346  61.7895 
8/8/2012  Anderso
n  0.2013  64.3710  bd  0.0071  2.1749  0.4499  127.4572 
8/22/2012  Anderso
n  0.2476  79.8024  bd.  0.0073  10.8481  0.6284  182.4032 
8/29/2012  Muncie  0.1669  55.1767  bd  0.0151  0.1654  0.0721  68.6331 
9/5/2012  Muncie  0.1523  35.3806  0.0004  0.0067  0.0576  0.0834  51.5607 
9/5/2012  Anderso
n  0.2013  76.0004  bd  0.0037  4.0727  1.0172  bd 
9/12/2012  Muncie  0.1854  28.7438  0.0085  0.0103  0.8203  0.1795  61.9948 
9/19/2012  Muncie  0.1862  32.2214  bd  0.0127  0.2895  0.0791  52.4668 
9/19/2012  Anderso
n  0.2413  73.4707  bd  0.0052  3.7127  0.8697  170.9073 
9/26/2012  Muncie  0.1673  29.1707  0.0051  0.0048  1.3093  0.1237  54.0217 
10/3/2012  Muncie  0.1499  57.5765  bd  0.0110  4.2336  0.1894  50.8291 
10/3/2012 
Anderso
n  0.3021  74.0430  bd  bd  8.6781  0.5159  167.5901 
10/10/2012  Muncie  bd  39.8514  bd  bd  4.8948  0.1802  49.1115 
10/17/2012  Muncie  0.2392  42.7238  bd  bd  0.9975  0.1405  66.4874 
10/17/2012 
Anderso
n  0.3300  96.0483  bd  bd  1.8158  0.7511  104.2609 
10/24/2012  Muncie  bd  21.7434  bd  bd  7.1747  0.5817  28.8448 
10/31/2012  Muncie  bd  68.8823  bd  bd  2.1673  0.1420  54.6788 
10/31/2012 
Anderso
n  0.1443  52.2324  bd  bd  4.8317  0.2889  118.8035 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
121 
 
121 
Table B5. Hydrolab SONDE baseline measurements during the 2012 monitoring period. 
 
Sonde Measurements 
Date  Site 
Location 
Air Temp 
(°C) 
DO 
(mg/L)  pH  Water Temp (°C)  Cond(μS/cm)  Turb 
5/30/2012  Anderson  19.00  7.28  7.47  22.80  737.60  39.80 
5/30/2012  Muncie  22.00  7.80  7.49  22.60  557.20  78.00 
6/6/2012  Muncie  23.30  11.26  8.01  21.85  659.00  44.10 
6/6/2012  Anderson  23.80  10.49  7.96  22.97  782.50  14.40 
6/13/2012  Muncie  23.00  11.20  8.10  26.40  684.20  32.70 
6/13/2012  Anderson  23.00  9.90  8.10  24.96  780.30  20.80 
6/20/2012  Muncie  32.00  12.07  8.05  30.24  717.90  6.56 
6/27/2012  Muncie  29.00  11.80  8.26  27.47  670.00  9.51 
6/27/2012  Anderson  29.00  10.26  8.30  27.65  330.00  3.83 
7/4/2012  Muncie  33.00  2.51  8.09  29.15  657.90  11.60 
7/11/2012  Muncie  29.00  11.86  8.16  29.33  676.70  11.80 
7/11/2012  Anderson  32.00  9.59  8.28  28.77  1185.00  9.71 
7/18/2012  Muncie  30.00  8.47  8.16  26.30  648.30  9.03 
7/25/2012  Muncie  33.00  10.69  7.97  29.71  544.80  14.40 
7/25/2012  Anderson  33.00  7.85  8.02  28.27  664.30  8.28 
8/1/2012  Muncie  28.00  13.51  8.08  29.55  652.20  9.83 
8/8/2012  Muncie  32.00  13.38  8.47  29.14  617.80  12.90 
8/8/2012  Anderson  33.00  11.06  8.38  28.06  855.40  5.10 
8/15/2012  Muncie  27.00  3.68  8.20  25.80  587.10  16.80 
8/22/2012  Muncie  27.00  3.95  7.99  26.17  628.30  6.40 
8/22/2012  Anderson  27.00  10.20  8.19  24.88  994.80  14.20 
8/29/2012  Muncie  27.00  12.45  8.16  27.39  609.50  8.50 
9/5/2012  Muncie  25.00  2.69  8.28  25.00  369.60  8.20 
9/5/2012  Anderson  25.00  2.26  8.16  23.97  903.90  6.60 
9/12/2012  Muncie  27.00  11.77  8.20  23.58  537.60  5.70 
9/19/2012  Muncie  20.00  15.83  8.05  19.75  557.70  8.60 
9/19/2012  Anderson  20.00  13.25  7.82  18.36  976.50  5.30 
9/26/2012  Muncie  19.00  11.08  7.77  17.22  554.80  8.60 
10/3/2012  Muncie  19.00  10.27  7.34  16.29  656.50  16.60 
10/3/2012  Anderson  19.00  9.80  7.29  16.58  883.50  9.20 
10/10/2012  Muncie  10.00  11.48  7.15  12.07  663.60  8.00 
10/17/2012  Muncie  20.00  10.99  6.74  15.35  746.00  4.50 
10/17/2012  Anderson  20.00  8.52  6.22  15.52  947.30  10.80 
10/24/2012  Muncie  24.40  8.67  7.42  16.36  478.90  95.60 
10/31/2012  Muncie  38.00  12.80  7.73  6.85  693.60  10.70 
10/31/2012  Anderson  37.00  12.10  7.73  7.75  880.90  7.30 
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Table B6. USGS baseline measurements during the 2012 monitoring period. 
 
USGS Data 
Calendar 
Date 
Site 
Location 
New Discharge 
(ft³/s) 
Stage 
(ft) 
5/30/2012  Anderson  509.00  3.27 
5/30/2012  Muncie  301.00  4.68 
6/6/2012  Muncie  45.00  4.09 
6/6/2012  Anderson  198.00  2.33 
6/13/2012  Muncie  31.00  4.03 
6/13/2012  Anderson  162.00  2.20 
6/20/2012  Muncie  20.00  3.97 
6/27/2012  Muncie  20.00  3.97 
6/27/2012  Anderson  120.00  2.01 
7/4/2012  Muncie  20.00  3.98 
7/11/2012  Muncie  12.00  3.92 
7/11/2012  Anderson  80.00  1.90 
7/18/2012  Muncie  15.00  3.94 
7/25/2012  Muncie  36.00  4.06 
7/25/2012  Anderson  190.00  2.39 
8/1/2012  Muncie  20.00  3.99 
8/8/2012  Muncie  22.00  4.00 
8/8/2012  Anderson  98.00  1.99 
8/15/2012  Muncie  24.00  4.01 
8/22/2012  Muncie  24.00  3.99 
8/22/2012  Anderson  104.00  2.06 
8/29/2012  Muncie  22.00  3.99 
9/5/2012  Muncie  29.00  4.03 
9/5/2012  Anderson  160.00  2.31 
9/12/2012  Muncie  33.00  4.05 
9/19/2012  Muncie  63.00  4.17 
9/19/2012  Anderson  150.00  2.27 
9/26/2012  Muncie  51.00  4.13 
10/3/2012  Muncie  205.00  4.49 
10/3/2012  Anderson  309.00  2.84 
10/10/2012  Muncie  97.00  4.28 
10/17/2012  Muncie  48.00  4.13 
10/17/2012  Anderson  187.00  2.42 
10/24/2012  Muncie  484.00  5.09 
10/31/2012  Muncie  220.00  4.52 
10/31/2012  Anderson  345.00  4.91 
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APPENDIX C: Storm Raw Data 
 
Table C1. Total nitrogen storm 1 measurements during the 2012 monitoring period. M1-M3 are 
the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Nitrogen (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
6/29/2012  16:00  3.20  3.00  3.20  3.13  6.39    
6/29/2012  16:20  2.80  2.60  2.70  2.70  7.41    
6/29/2012  16:40  3.20  3.00  3.20  3.13  6.39    
6/29/2012  17:00  3.70  3.50  3.50  3.57  5.61    
6/29/2012  17:20  3.60  3.10  3.20  3.30  15.15    
6/29/2012  18:00  4.00  3.50  3.50  3.67  13.62    
6/29/2012  18:45  4.60  4.00  4.10  4.23  14.18    
6/29/2012  20:45  3.60  3.50  3.60  3.57  2.80    
6/30/2012  0:45  3.90  3.40  3.70  3.67  13.62    
6/30/2012  2:45  3.10  3.00  3.00  3.03  3.30    
6/30/2012  6:45  3.30  3.20  3.20  3.23  3.10    
6/30/2012  10:45  4.40  4.00  4.20  4.20  9.52    
Standards     10.30  11.00           106.50 
Blanks     0.00  0.02             
 
Table C2. Total nitrogen storm 2 measurements during the 2012 monitoring period. M1-M3 are 
the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Nitrogen (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
7/14/2012  22:00  3.00  2.90  2.90  2.93  3.45    
7/14/2012  22:30  2.70  2.60  2.70  2.67  3.70    
7/14/2012  23:00  2.80  2.50  2.80  2.60  10.71    
7/15/2012  0:00  3.20  3.00  3.10  3.20  6.45    
7/15/2012  1:30  2.80  2.40  2.60  2.60  15.38    
7/15/2012  2:30  3.60  3.50  3.50  3.53  2.86    
7/15/2012  4:30  2.20  1.90  2.00  2.03  15.00    
7/15/2012  7:00  2.30  2.20  2.30  2.27  4.35    
7/15/2012  9:30  2.30  2.10  2.30  2.23  8.70    
Standards     10.60  10.60           106.00 
Blanks     0.00  0.00             
Field Blanks     0.00  0.00             
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Table C3. Total nitrogen storm 3 measurements during the 2012 monitoring period. M1-M3 are 
the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Nitrogen (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
9/7/2012  18:00  2.90  2.50  2.60  2.67  14.98    
9/7/2012  21:00  3.50  3.10  3.30  3.30  12.12    
9/7/2012  22:00  4.30  3.90  3.90  4.03  9.93    
9/8/2012  6:00  4.10  3.50  3.70  3.77  15.92    
9/8/2012  14:00  4.30  3.60  4.10  4.00  17.50    
9/8/2012  18:00  2.80  2.50  2.50  2.60  11.54    
9/9/2012  0:00  2.70  2.60  2.70  2.67  3.75    
9/9/2012  14:00  3.00  2.70  2.90  2.87  10.45    
9/10/2012  14:00  3.70  3.40  3.50  3.53  8.50    
9/11/2012  18:00  3.50  3.30  3.50  3.43  5.83    
Standards     10.30  9.80           100.50 
Blanks     0.00  0.00             
Field Blanks     0.00  0.00             
 
Table C4. Total nitrogen storm 4 measurements during the 2012 monitoring period. M1-M3 are 
the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Nitrogen (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
10/17/2012  17:00  2.80  2.50  2.70  2.67  11.24    
10/18/2012  6:00  3.50  3.10  3.10  3.23  12.38    
10/18/2012  14:00  3.60  3.00  3.20  3.27  18.35    
10/19/2012  4:00  3.80  3.60  3.60  3.67  5.45    
10/19/2012  12:00  1.90  1.80  1.80  1.83  5.46    
10/19/2012  23:00  2.00  1.80  1.90  1.90  10.53    
10/20/2012  23:00  3.10  2.70  2.80  2.86  13.99    
10/21/2012  20:00  2.40  2.10  2.10  2.20  13.64    
10/22/2012  16:30  6.10  5.90  6.20  6.07  3.30    
Standards     10.90  10.80           108.50 
Blanks     0.00  0.02             
Field Blanks     0.00  0.00             
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Table C5. Total phosphorus storm 1 measurements during the 2012 monitoring period. M1-M3 
are the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Phosphorus (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
6/29/2012  16:00  0.62  0.59  0.62  0.61  4.92    
6/29/2012  16:20  0.75  0.72  0.72  0.73  4.11    
6/29/2012  16:40  0.59  0.54  0.56  0.56  8.88    
6/29/2012  17:00  0.65  0.61  0.63  0.63  6.35    
6/29/2012  17:20  0.68  0.65  0.66  0.66  4.52    
6/29/2012  18:00  0.69  0.61  0.66  0.65  12.25    
6/29/2012  18:45  0.72  0.66  0.70  0.69  8.66    
6/29/2012  20:45  0.80  0.68  0.71  0.73  16.44    
6/30/2012  0:45  0.61  0.56  0.59  0.59  8.52    
6/30/2012  2:45  0.91  0.79  0.81  0.84  14.34    
6/30/2012  6:45  0.71  0.60  0.65  0.65  16.85    
6/30/2012  10:45  0.67  0.64  0.65  0.65  4.59    
Standards     1.04  0.98           101.00 
Blanks     0.00  0.02             
 
Table C6. Total phosphorus storm 2 measurements during the 2012 monitoring period. M1-M3 
are the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Phosphorus (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
7/14/2012  22:00  0.65  0.60  0.63  0.63  7.94    
7/14/2012  22:30  0.63  0.57  0.63  0.61  9.52    
7/14/2012  23:00  0.58  0.55  0.55  0.56  5.45    
7/15/2012  0:00  0.94  0.83  0.89  0.89  12.36    
7/15/2012  1:30  0.86  0.73  0.76  0.78  17.11    
7/15/2012  2:30  0.83  0.72  0.77  0.77  14.29    
7/15/2012  4:30  0.74  0.65  0.69  0.69  13.04    
7/15/2012  7:00  0.78  0.67  0.69  0.71  15.94    
7/15/2012  9:30  0.66  0.61  0.63  0.63  7.94    
Standards     1.00  1.05           102.50 
Blanks     0.00  0.05             
Field Blanks     0.00  0.08             
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Table C7. Total phosphorus storm 3 measurements during the 2012 monitoring period. M1-M3 
are the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Phosphorus (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
9/7/2012  18:00  0.57  0.48  0.55  0.53  16.98    
9/7/2012  21:00  0.39  0.33  0.36  0.36  16.67    
9/7/2012  22:00  0.63  0.57  0.59  0.60  10.05    
9/8/2012  6:00  0.45  0.43  0.44  0.44  4.55    
9/8/2012  14:00  0.46  0.41  0.42  0.43  11.63    
9/8/2012  18:00  1.16  1.09  1.15  1.13  6.19    
9/9/2012  0:00  0.74  0.72  0.75  0.74  2.72    
9/9/2012  14:00  0.93  0.82  0.86  0.87  12.64    
9/10/2012  14:00  1.35  1.22  1.30  1.29  10.08    
9/11/2012  18:00  0.60  0.54  0.56  0.57  10.58    
Standards     0.96  0.99           97.50 
Blanks     0.00  0.00             
Field Blanks     0.00  0.00             
 
Table C8. Total phosphorus storm 4 measurements during the 2012 monitoring period. M1-M3 
are the three samples per test run. RPD = relative percent difference. % REC = percent recovery. 
 
Total Phosphorus (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD  % REC 
10/17/2012  17:00  0.48  0.44  0.44  0.45  8.83    
10/18/2012  6:00  0.29  0.24  0.27  0.27  18.73    
10/18/2012  14:00  0.26  0.22  0.24  0.24  16.67    
10/19/2012  4:00  0.95  0.81  0.95  0.90  15.50    
10/19/2012  12:00  1.20  1.09  1.19  1.16  9.48    
10/19/2012  23:00  0.99  0.94  0.96  0.96  5.19    
10/20/2012  23:00  0.98  0.85  0.91  0.91  14.24    
10/21/2012  20:00  0.96  0.79  0.87  0.87  19.47    
10/22/2012  16:30  0.69  0.60  0.64  0.64  14.00    
Standards     1.05  1.06           105.50 
Blanks     0.04  0.03             
Field Blanks     0.03  0.00             
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Table C9. Total suspended solids storm 1 measurements during the 2012 monitoring period. 
M1-M2 are the samples per test run. RPD = relative percent difference.  
Total Suspended Solids (mg/L) 
Calendar Date  Time  M1  M2  Mean  RPD 
6/29/2012  16:00  19.00  17.00  18.00  11.11 
6/29/2012  16:20  12.00  11.00  11.50  8.70 
6/29/2012  16:40  9.00  8.00  8.50  11.76 
6/29/2012  17:00  16.00  14.00  15.00  13.33 
6/29/2012  17:20  15.00  13.00  14.00  14.29 
6/29/2012  18:00  29.00  29.00  15.00  0.00 
6/29/2012  18:20  12.00  10.00  29.00  6.90 
6/29/2012  20:45  12.00  10.00  11.00  18.18 
6/30/2012  0:45  37.00  33.00  35.00  11.43 
6/30/2012  2:45  23.00  18.00  20.50  24.39 
6/30/2012  6:45  10.00  9.00  9.50  10.53 
6/30/2012  10:45  29.00  28.00  28.50  3.51 
 
Table C10. Total suspended solids storm 2 measurements during the 2012 monitoring period. 
M1-M2 are the samples per test run. RPD = relative percent difference. 
 
Total Suspended Solids (mg/L) 
Calendar Date  Time  M1  M2  Mean  RPD 
7/14/2012  22:00  17.00  14.00  15.50  19.35 
7/14/2012  22:30  14.00  13.00  13.50  7.41 
7/14/2012  23:00  15.00  13.00  14.00  14.29 
7/15/2012  0:00  42.00  39.00  40.50  7.41 
7/15/2012  1:30  33.00  28.00  30.50  16.39 
7/15/2012  2:30  15.00  14.00  14.50  6.90 
7/15/2012  4:30  9.00  8.00  8.50  11.76 
7/15/2012  7:00  11.00  10.00  10.50  9.52 
7/15/2012  9:30  9.00  8.00  8.50  11.76 
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Table C11. Total suspended solids storm 3 measurements during the 2012 monitoring period. 
M1-M2 are the samples per test run. RPD = relative percent difference. 
 
Total Suspended Solids (mg/L) 
Calendar Date  Time  M1  M2  Mean  RPD 
9/7/2012  18:00  41.00  38.00  39.50  7.59 
9/7/2012  21:00  68.00  68.00  68.00  0.00 
9/7/2012  22:00  52.00  48.00  50.00  8.00 
9/8/2012  6:00  38.00  35.00  36.50  8.22 
9/8/2012  14:00  30.00  28.00  29.00  6.90 
9/8/2012  18:00  34.00  30.00  32.00  12.50 
9/9/2012  0:00  40.00  33.00  36.50  19.18 
9/9/2012  14:00  34.00  28.00  31.00  19.35 
9/10/2012  14:00  26.00  22.00  24.00  16.67 
9/11/2012  18:00  16.00  14.00  15.00  13.33 
 
Table C12. Total suspended solids storm 4 measurements during the 2012 monitoring period. 
M1-M2 are the samples per test run. RPD = relative percent difference. 
 
Total Suspended Solids (mg/L) 
Calendar Date  Time  M1  M2  M3  Mean  RPD 
10/17/2012  17:00  67.00  65.00  64.00  65.30  3.06 
10/18/2012  6:00  86.00  80.00     83.00  7.23 
10/18/2012  14:00  76.00  70.00     73.00  8.22 
10/19/2012  4:00  106.00  99.00     102.50  6.83 
10/19/2012  12:00  98.00  88.00     93.00  10.75 
10/19/2012  23:00  58.00  52.00     55.00  10.91 
10/20/2012  23:00  36.00  34.00     35.00  5.71 
10/21/2012  20:00  30.00  28.00     29.00  6.90 
10/22/2012  16:30  32.00  24.00     28.00  28.57 
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Table C13. Hydrolab SONDE storm 1 measurements during the 2012 monitoring period. M1-
M2 are the samples per test run. RPD = relative percent difference. 
 
Hydrolab SONDE Measurements 
Date  Time 
DO 
(mg/L)  pH  Cond(μS/cm)  Turb 
6/29/2012  16:00     8.27  647.50  11.40 
6/29/2012  16:20     8.03  609.30  10.20 
6/29/2012  16:40  6.08  7.68  641.70  12.70 
6/29/2012  17:00           26.10 
6/29/2012  17:20  10.97  8.18  563.00  21.40 
6/29/2012  18:00           20.10 
6/29/2012  18:42     8.06  637.40  21.50 
6/29/2012  20:42     8.03  592.80  31.00 
6/30/2012  0:42:00           23.10 
6/30/2012  2:42           18.50 
6/30/2012  6:42     7.87  587.10  19.80 
6/30/2012  8:42  5.70  7.77  603.70    
6/30/2012  10:42     7.92  593.40  16.80 
 
Table C14. Hydrolab SONDE storm 2 measurements during the 2012 monitoring period. 
 
Hydrolab SONDE Measurements 
Date  Time  pH  Cond(μS/cm)  Turb 
7/14/2012  22:00  8.31  660.30  10.70 
7/14/2012  22:30  8.33  657.50  11.60 
7/14/2012  23:00  8.29  627.50  12.20 
7/15/2012  0:00  8.14  335.60  61.50 
7/15/2012  1:30  8.10  551.30  22.70 
7/15/2012  2:30  8.05  604.20  24.00 
7/15/2012  4:30  7.99  576.20  25.60 
7/15/2012  7:00  7.97  492.30  25.10 
7/15/2012  9:30  7.94  452.80  18.60 
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Table C15. Hydrolab SONDE storm 3 measurements during the 2012 monitoring period. 
 
Hydrolab SONDE Measurements 
Date  Time  pH  Cond(μS/cm)  Turb 
9/7/2012  18:00  8.33  650.20  29.90 
9/7/2012  21:00  8.17  619.60  42.90 
9/7/2012  22:00  8.15  304.00  37.00 
9/8/2012  6:00  7.95  323.50  13.60 
9/8/2012  14:00  7.70  403.00  18.30 
9/8/2012  18:00  7.70  438.00  20.70 
9/9/2012  0:00  7.88  533.80  28.10 
9/9/2012  14:00  8.03  602.00  14.50 
9/10/2012  14:00  7.99  555.80  15.40 
9/11/2012  18:00  7.89  499.00  14.50 
 
Table C16. Hydrolab SONDE storm 4 measurements during the 2012 monitoring period. 
 
Hydrolab SONDE Measurements 
Date  Time  pH  Cond(μS/cm)  Turb 
10/17/2021  17:00  6.74  746.00  4.50 
10/18/2012  6:00  7.25  547.20  12.80 
10/18/2012  14:00  7.17  495.40  14.50 
10/19/2012  4:00  6.63  585.70  22.70 
10/19/2012  12:00  6.93  537.50  27.60 
10/19/2012  23:00  7.75  635.00  16.70 
10/20/2012  23:00  7.05  654.10  11.60 
10/21/2012  20:00  7.48  692.00  7.10 
10/22/2012  16:30  7.75  703.40  6.70 
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Table C17. Discharge and stage data for storm 1 during the 2012 monitoring period. 
 
USGS Data 
Date  Time 
Discharge 
(ft³/s) 
Stage 
(ft) 
6/29/2012  16:00  45.00  4.09 
6/29/2012  16:20  45.00  4.09 
6/29/2012  16:40  45.00  4.09 
6/29/2012  17:00  45.00  4.09 
6/29/2012  17:20  45.00  4.09 
6/29/2012  18:00  43.00  4.08 
6/29/2012  18:42  38.00  4.06 
6/29/2012  20:42  33.00  4.04 
6/30/2012  0:42:00  27.00  4.01 
6/30/2012  2:42  27.00  4.01 
6/30/2012  6:42  29.00  4.02 
6/30/2012  10:42  29.00  4.02 
 
Table C18. Discharge and stage data for storm 2 during the 2012 monitoring period. 
 
USGS Data 
Date  Time  Discharge (ft³/s)  Stage (ft) 
7/14/2012  22:00  16.00  3.95 
7/14/2012  22:30  36.00  4.06 
7/14/2012  23:00  38.00  4.07 
7/15/2012  0:00  38.00  4.07 
7/15/2012  1:30  29.00  4.03 
7/15/2012  2:30  24.00  4.00 
7/15/2012  4:30  19.00  3.97 
7/15/2012  7:00  16.00  3.95 
7/15/2012  9:30  15.00  3.94 
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Table C19. Discharge and stage data for storm 3 during the 2012 monitoring period. 
 
USGS Data 
Date  Time  Discharge (ft³/s)  Stage (ft) 
9/7/2012  18:00  27  4.02 
9/7/2012  21:00  193  4.49 
9/7/2012  22:00  288  4.67 
9/8/2012  6:00  130  4.32 
9/8/2012  14:00  88  4.23 
9/8/2012  18:00  169  4.39 
9/9/2012  0:00  275  4.64 
9/9/2012  14:00  175  4.4 
9/10/2012  14:00  66  4.17 
9/11/2012  18:00  43  4.09 
 
Table C20. Discharge and stage data for storm 4 during the 2012 monitoring period. 
 
USGS Data 
Date  Time  Discharge (ft³/s)  Stage (ft) 
10/17/2012  17:00  45.00  4.12 
10/18/2012  6:00  106.00  4.29 
10/18/2012  14:00  130.00  4.34 
10/19/2012  4:00  288.00  4.69 
10/19/2012  12:00  253.00  4.40 
10/19/2012  23:00  206.00  4.29 
10/20/2012  23:00  220.00  4.32 
10/21/2012  20:00  189.00  4.24 
10/22/2012  16:30  163.00  4.15 
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Table C21. Ion chromatography data for storm 3 during the 2012 monitoring period. 
 
IC Analysis 
Date  Time 
Fluoride 
(mg/L) 
Chloride 
(mg/L) 
Nitrite 
(mg/L) 
Bromide 
(mg/L) 
Nitrate 
(mg/L) 
Phosphate 
(mg/L) 
Sulfate 
(mg/L) 
9/7/2012  18:00  0.193  49.6883  0.0000  0.0022  0.0903  0.1899  68.2088 
9/7/2012  21:00  0.2056  26.7247  0.0004  0.016  0.0471  0.3253  51.4801 
9/7/2012  22:00  0.1162  18.5673  0.0026  0.0038  0.2889  0.1429  31.8922 
9/8/2012  6:00  0.1636  18.3758  0.0050  0.0044  0.5784  0.2126  27.5927 
9/8/2012  14:00  0.1513  26.9459  0.0000  0.0081  0.4303  0.1576  32.0953 
9/8/2012  18:00  0.1636  30.5333  0.0000  0.0035  0.3727  0.1745  34.4832 
9/9/2012  0:00  0.1989  39.8514  0.0000  0.0055  0.3998  0.1596  39.0873 
9/9/2012  14:00  0.2247  45.5103  0.0000  0.0024  0.8094  0.2251  52.6464 
9/10/2012  14:00  0.2243  n.a.  0.0170  0.0039  1.0766  0.8552  57.0963 
9/11/2012  18:00  0.1994  29.1472  0.0063  0.0105  1.0658  0.1195  62.2081 
 
Table C22. Ion chromatography data for storm 4 during the 2012 monitoring period. 
 
IC Analysis 
Date  Time 
Fluoride 
(mg/L) 
Chloride 
(mg/L) 
Nitrite 
(mg/L) 
Bromide 
(mg/L) 
Nitrate 
(mg/L) 
Phosphate 
(mg/L) 
Sulfate 
(mg/L) 
10/17/2012  17:00  0.2392  42.7238  0.0000  0.0000  0.9975  0.1405  66.4874 
10/18/2012  6:00  0.0000  37.9884  0.0000  0.0072  1.5757  0.1067  53.9605 
10/18/2012  14:00  0.1617  33.8530  0.0000  0.0166  1.3830  0.1350  46.9377 
10/19/2012  4:00  0.2054  35.6902  0.0000  0.0097  1.8863  0.2123  48.5421 
10/19/2012  12:00  0.0000  34.7558  0.0000  0.0068  3.3332  0.3002  42.6546 
10/19/2012  23:00  0.1910  31.7568  0.0000  0.0076  2.3603  0.3115  44.3314 
10/20/2012  23:00  0.2025  35.0009  0.0000  0.0000  3.5521  0.2038  48.2690 
10/21/2012  20:00  0.2183  36.5161  0.0000  0.0000  3.2729  0.1993  52.8401 
10/22/2012  16:30  0.2408  39.1336  0.0000  0.0000  2.5704  0.1527  54.5529 
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APPENDIX D: Descriptive Statistics 
 
Table D1. Descriptive statistics for all constituents during 2012 at the Muncie site. 
 
All Muncie Measurements 
Parameter  Unit  n  Mean  Median  Standard Deviation  Standard Error 
Total Nitrogen (TN)  mg/L  63  3.2810  3.1300  1.2929  0.1630 
Total Phosphorus (TP)  mg/L  63  0.6480  0.6100  0.2650  0.0330 
Fluoride  mg/L  30  0.1580  0.1860  0.0778  0.0140 
Chloride  mg/L  29  36.6140  35.3810  12.8860  2.0800 
Nitrite  mg/L  30  0.0020  0.0000  0.0037  0.0007 
Bromide  mg/L  30  0.0060  0.0050  0.0052  0.0009 
Nitrate  mg/L  30  1.6070  1.0320  1.6968  0.3100 
Phosphate  mg/L  30  0.2080  0.1670  0.1562  0.0290 
Sulfate  mg/L  30  50.5260  52.0140  11.5320  2.1100 
Total Suspended Solids (TSS)  mg/L  63  29.5690  20.0000  29.0197  3.3300 
Air Temp  Celcius  25  25.9740  27.0000  5.8569  1.1700 
Discharge  ft³/s  63  88.5400  43.0000  97.6465  12.3000 
Stage  ft  63  4.1670  4.0900  0.2334  0.0290 
Dissolved Oxygen  mg/L  26  9.7290  11.0350  3.5862  0.7000 
pH     60  7.8560  7.9900  0.4301  0.0560 
Water Temperature  Celcius  23  23.1990  25.8000  6.4397  1.3400 
Conductivity  μS/cm  60  585.4670  603.9500  99.3212  12.8000 
Turbidity  NTU  63  19.7200  14.5000  16.2191  2.0400 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
135 
 
135 
Table D2. Descriptive statistics for all measurements classified as “dry” weather during 2012. 
 
Dry Weather Measurements 
Parameter  Unit  n  Mean  Median  Standard Deviation  Standard Error 
Total Nitrogen (TN)  mg/L  16  2.7610  2.8300  13049.0000  0.2620 
Total Phosphorus (TP)  mg/L  16  0.4808  0.5150  0.1021  0.0255 
Fluoride  mg/L  6  0.1618  0.1858  0.0829  0.0338 
Chloride  mg/L  6  41.4000  41.2900  10.0700  4.1100 
Nitrite  mg/L  6  0.0014  0.0000  0.0035  0.0014 
Bromide  mg/L  6  0.0067  0.0063  0.0068  0.0028 
Nitrate  mg/L  6  1.2100  0.5550  1.8420  0.7520 
Phosphate  mg/L  6  0.1402  0.1600  0.0529  0.0216 
Sulfate  mg/L  6  61.1500  64.2400  8.4300  3.4400 
Total Suspended Solids (TSS)  mg/L  16  27.1200  19.3000  23.9800  5.9900 
Air Temp  Celcius  12  25.6900  27.0000  6.1600  1.7800 
Discharge  ft³/s  16  33.7500  25.5000  21.7100  5.4300 
Stage  ft  16  4.0381  4.0050  0.0930  0.0233 
Dissolved Oxygen  mg/L  12  10.8100  11.7900  3.7700  1.0900 
pH     16  7.9970  8.0950  0.3000  0.1080 
Water Temperature  Celcius  12  25.2500  26.9000  5.5700  1.5200 
Conductivity  μS/cm  16  651.2000  658.5000  51.5000  12.9000 
Turbidity  NTU  16  13.7400  9.6700  11.3800  2.8400 
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Table D3.  Descriptive statistics for all measurements classified as “wet” weather during 2012. 
 
Wet Weather Measurements 
Parameter  Unit  n  Mean  Median  Standard Deviation  Standard Error 
Total Nitrogen (TN)  mg/L  47  3.4580  3.2300  1.3300  0.1940 
Total Phosphorus (TP)  mg/L  47  0.7052  0.6530  0.2800  0.0408 
Fluoride  mg/L  24  0.1576  0.1792  0.0784  0.0160 
Chloride  mg/L  23  35.3700  35.0000  11.3600  2.3700 
Nitrite  mg/L  24  0.0015  0.0000  0.0038  0.0008 
Bromide  mg/L  24  0.0055  0.0046  0.0048  0.0010 
Nitrate  mg/L  24  1.7070  1.1930  1.6860  0.3440 
Phosphate  mg/L  24  0.2245  0.1670  0.1693  0.0346 
Sulfate  mg/L  24  47.8700  51.1500  10.7400  2.1900 
Total Suspended Solids (TSS)  mg/L  47  34.9900  29.0000  27.2100  3.9700 
Air Temp  Celcius  13  26.2300  25.0000  5.8000  1.6100 
Discharge  ft³/s  47  107.2000  45.0000  106.3000  15.5000 
Stage  ft  47  4.2100  4.0900  0.2508  0.0366 
Dissolved Oxygen  mg/L  14  8.8050  9.4700  3.2710  0.8740 
pH     44  7.8040  7.9300  0.4233  0.0638 
Water Temperature  Celcius  11  20.9700  22.6000  7.0800  2.1400 
Conductivity  μS/cm  44  561.6000  586.4000  102.1000  15.4000 
Turbidity  NTU  47  21.7600  16.8000  17.2000  2.5100 
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APPENDIX E: Statistical Results 
 
Table E1. Linear regression test results for comparison of total nitrogen and precipitation for the 
past seven days for Muncie, IN data between May to October 2012.  
 
Linear Regression for TN and precipitation 7day 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  16.297  1  16.297  11.383  0.001 
Residual  87.335  61  1.432      
Total  103.633  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  3.007  0.171  17.554  0.000  2.664  3.349 
Precip 7 day  0.894  0.265  3.374  0.001  0.364  1.424 
 
Table E2. Linear regression test results for comparison of total nitrogen and precipitation for the 
past three days for Muncie, IN data between May to October 2012. 
 
Linear Regression for TN and precipitation 3day 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  21.58  1  21.58  16.043  0.001 
Residual  82.053  61  1.345      
Total  103.633  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  2.995  0.163  18.419  0.000  2.670  3.32 
Precip 3 Day  2.394  0.598  4.005  0.000  1.199  3.589 
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Table E3. Linear regression test results for comparison of total nitrogen and discharge for 
Muncie, IN data between May to October 2012. 
 
Linear Regression for TN and discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  24.64  1  24.64  19.027  0.000 
Residual  78.993  61  1.295      
Total  103.633  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  2.709  0.194  13.948  0.000  2.321  3.098 
Discharge  0.006  0.001  4.362  0.000  0.003  0.009 
 
Table E4. Linear regression test results for comparison of total phosphorus and discharge for 
Muncie, IN data between May to October 2012. 
 
Linear Regression for TP and discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  1.463  1  1.463  30.746  0.000 
Residual  2.902  61  0.48      
Total  4.365  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.509  0.037  13.67  0.000  0.434  0.583 
Discharge  0.002  0  5.545  0.000  0.001  0.002 
 
Table E5. Linear regression test results for comparison of nitrate and discharge for Muncie, IN 
data between May to October 2012. 
 
Linear Regression for Nitrate and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  30.738  1  30.738  16.314  0.000 
Residual  52.757  28  1.884      
Total  83.495  29          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.232  0.423  0.549  0.588  -0.634  1.098 
Discharge  0.01  0.002  4.039  0.000  0.005  0.014 
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Table E6. Linear regression test results for comparison of nitrite and discharge for Muncie, IN 
data between May to October 2012. 
 
Linear Regression for Nitrite and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0  1  0  0.942  0.369 
Residual  0  6  0      
Total  0  7          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.008  0.003  2.65  0.038  0.001  0.015 
Discharge  -0.00002121  0  -0.971  0.369  0.000  0 
 
Table E7. Linear regression test results for comparison of phosphate and discharge for Muncie, 
IN data between May to October 2012. 
 
Linear Regression for Phosphate and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0.085  1  0.085  3.842  0.060 
Residual  0.622  28  0.022      
Total  0.707  29          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.135  0.046  2.945  0.006  0.041  0.229 
Discharge  0.001  0  1.96  0.060  0.000  0.001 
 
Table E8. Linear regression test results for comparison of total nitrogen and turbidity for 
Muncie, IN data between May to October 2012. 
 
Linear Regression for Total Nitrogen and Turbidity 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  28.647  1  28.647  23.304  0.000 
Residual  74.986  61  1.229      
Total  103.633  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  2.454  0.221  11.108  0.000  2.013  2.896 
Turbidity  0.042  0.009  4.827  0.000  0.025  0.059 
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Table E9. Linear regression test results for comparison of total phosphorus and turbidity for 
Muncie, IN data between May to October 2012. 
 
Linear Regression for Total Phosphorus and Turbidity 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  1.478  1  1.478  31.224  0.000 
Residual  2.887  61  0.047      
Total  4.365  62          
 
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.46  0.043  10.621  0.000  0.374  0.547 
Turbidity  0.01  0.002  5.588  0.000  0.006  0.013 
 
Table E10. Linear regression test results for comparison of nitrite and turbidity for Muncie, IN 
data between May to October 2012. 
 
Linear Regression for Nitrite and Turbidity 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0  1  0  0.978  0.361 
Residual  0  6  0      
Total  0  7          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.008  0.006  2.532  0.045  0.000  0.016 
Turbidity  0  0  -0.989  0.361  -0.001  0 
 
Table E 11. Linear regression test results for comparison of nitrate and turbidity for Muncie, IN 
data between May to October 2012. 
 
Linear Regression for Nitrate and Turbidity 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  14.625  1  14.625  5.946  0.021 
Residual  68.869  28  2.46      
Total  83.495  29          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.864  0.418  2.066  0.048  0.007  1.721 
Turbidity  0.041  0.017  2.438  0.021  0.007  0.075  
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Table E12. Linear regression test results for comparison of phosphate and turbidity for Muncie, 
IN data between May to October 2012. 
 
Linear Regression for Phosphate and Turbidity 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0.169  1  0.169  8.785  0.006 
Residual  0.539  28  0.019      
Total  0.707  29          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  0.128  0.037  3.457  0.002  0.052  0.204 
Turbidity  0.004  0.001  2.964  0.006  0.001  0.007 
 
Table E13. Linear regression test results for comparison of total suspended solids and discharge 
for Muncie, IN data between May to October 2012. 
 
Linear Regression for Total Suspended Solids and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  6552.297  1  6552.297  13.456  0.001 
Residual  29702.609  61  486.928      
Total  36254.905  62          
 
Coefficients 
Model  U.C. (B)  U.C. Std. Error  t  Sig  LB 95% CI  UB 95% CI 
(Constant)  22.081  3.766  5.863  0.000  14.549  29.612 
Discharge  0.105  0.029  3.668  0.001  0.048  0.163 
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Table E14. Correlations for selected water-quality constituents in Whiter River, Indiana, May to 
October 2012.  
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Table E15. Principal component Analysis results with the following variables: Total Nitrogen, 
Total Phosphorus, Total Suspended Solids, pH, conductivity, and turbidity. 
 
Principal Component Analysis 
Eigenvalue  2.2600  1.4387  0.8867  0.6730  0.5248  0.2168 
Proportion  0.3770  0.2400  0.1480  0.1120  0.0870  0.0360 
Cumulative  0.3770  0.6160  0.7640  0.8760  0.9640  1.0000 
Variable  PC1  PC2  PC3  PC4  PC5  PC6 
Total Nitrogen  0.4700  -0.0690  -0.2680  -0.7770  0.0930  -0.3010 
Total Phosphorus  0.4770  -0.1450  -0.3960  0.6210  0.1960  -0.4130 
Total Suspended Solids  0.3220  0.5390  0.4450  0.0760  -0.5130  -0.3730 
pH  -0.2910  -0.6450  -0.0100  -0.0250  -0.5760  -0.4090 
Conductivity  -0.2380  0.4340  -0.7570  -0.0070  -0.4170  0.0900 
Turbidity  0.5540  -0.2810  -0.0210  0.0640  -0.4300  0.6510 
 
Table E16. Regression analysis results for Principal component 1 plotted against discharge.  
 
Regression Analysis for PC1 and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  76.0620  1.0000  76.0620  78.8100  0.0000 
Residual  55.0160  57.0000  0.9650       
Total  131.0770  58.0000          
  
Predictor  Coef  SE Coef  T  P    
Constant  -1.0562  0.1747  -6.0500  0.0000    
Discharge  0.0115  0.0013  8.8800  0.0000    
 
Table E17. Regression analysis results for Principal component 2 plotted against discharge.  
 
Regression Analysis for PC2 and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  1.9990  1.0000  1.9990  1.4000  0.2420 
Residual  81.4450  57.0000  1.4290       
Total  83.4440  58.0000          
  
Predictor  Coef 
SE 
Coef  T  P    
Constant  -0.1712  0.2125  -0.8100  0.4240    
Discharge  0.0019  0.0016  1.1800  0.2420    
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Table E18. Regression analysis results for Principal component 3 plotted against discharge.  
 
Regression Analysis for PC3 and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0.0529  1.0000  0.0529  0.0600  0.8100 
Residual  51.3774  57.0000  0.9014       
Total  51.4302  58.0000          
  
Predictor  Coef 
SE 
Coef  T  P    
Constant  0.0278  0.1688  0.1600  0.8700    
Discharge  -0.0003  0.0012  -0.2400  0.8100    
 
Table E19. Regression analysis results for Principal component 4 plotted against discharge.  
 
Regression Analysis for PC4 and Discharge 
Model  Sum of Squares  DF  Mean Square  F  p 
Regression  0.2139  1.0000  0.2139  0.3100  0.5770 
Residual  38.8207  57.0000  0.6811       
Total  39.0345  58.0000          
  
Predictor  Coef 
SE 
Coef  T  P    
Constant  -0.0560  0.1467  -0.3800  0.7040    
Discharge  0.0006  0.0011  0.5600  0.5770    
 
 
 
 
 